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TEMPORAL AND CONTEXTUAL CUES AS Dc M s 
ATTRIBUTES IN RETARDATES' RECOGNITION ME? 


ANN L. BROWN? 


Children's Research Center, University of Illinois 


equated for frequency of occurrence and recency of la ] 1 iat 
as temporally isolated in an inspection s 
However, when both T 


as the first occurrence of the items w 
this level was maintained. 
initially together in the i ispection sc 
The data were 
theories and con 
special role of temporal cues w: 
importance of the item's “birthdate,” 
initial appearance. 


It has recently been established that 
young children and retardates perform ex- 
tremely efficiently on recognition memory 
tasks (Brown, 1972; Brown & Campione, 
1972; Brown & Scott, 1971). The principal 
aim of this research is to investigate the pro- 
cesses involved in retardates’ recognition 

1 This series of studies was conducted at the 
University of Connecticut and supported by U.S. 
Public Health Service Grants HD-06864 and HD- 
05951 and by Research Grant M-1099 from 


the 
National Institute of Mental Health. The research 
Was carried out at the Mansfield State 1 aining 


School, M 


ansfield Depot, Connecticut. 
expres 


3 appreciation for the ac 
Superintendent Francis p, 
Training Louis Boly. ‘The author would also like 
to express her appreciation to David Zeaman for 
Ms advice and support throughout the conduct of 
the research and Richard Sperber for his help and 
advice in collecting the data for the first two 
experiments, 

* Requests for reprints Should be sent to Ann L. 


Brown, Children's Research Center, University of 
Illinois, Champaign, Illinois 61820 


The author 
ve cooperation of 
Kelly and Director of 


inguishing target (T) 
n when all items were 
As long 


© correct ev 


appearance. 


and D items occurred 


performance dropped to 70% correct. 
en as inconsistent with strength and frequency attribute 
stent with a context marker theory of recognition. The 
s discussed, with particular emphasis on the 
' the time tag associated with the item's 


memory for pictures. Specifically, te 
series of studies was designed to oe 3 
à strength theory (Kintsch, 1970) bos 
marker theory (Anderson & pu o 
of recognition memory. Two mar Bone 
ries were considered: Andersonand ee 
(1972) context marker theory and Me 
wood and Freund's (1970). Edu We A 
tribute theory. The dominant e d 
throughout the series of experi 
to engineer situations where re 
performance could not be based on : C 
strength comparison in an attemp beu 
cover what other attributes could The 
to differentiate items in memory. ui 
main attributes investigated were 
quency, context, and time of conn 
Consider first a simple recognition m E 
ory task. Items are presented for E 
and are then mixed with new items. aa 
S is required to identify the study uo 
Performance can be based upon a frequer 


" 
| 
ANN L. BROWN 


ifferential, the old items having dria 
juency of one, the ps M eae 
While it is clear that frequen E. s ER 
;xortant factor, the concept o ind, 1970) 
requency (Underwood & Freun d. i 
must be introduced in an Bente » a 
plain recognition performance. i m "de. 
equally clear that in the standar A 
nition task, the stimuli Dida Se te 
seen or heard before the experimenta s 
is presented. Pictures. cut from popu ar 
magazines and children’s books have typi- 
cally been used in studying recognition 
memory in children. These items are all 
in some sense familiar to Ss, who spon- 
taneously indicate that they hav 
item before ("at home in my Sn i 
vook") but still choose the familiar item 
as new within the experimental setting 
(Brown & Scott, 1971). Furthermore, re- 
tardates are able to distinguish between 
items seen within the experimental setting 
but at different times (Brown, 1972). In 
order to do this, Ss must have some means 
of determining not only that an item has 
been seen before, but where, When, or how 
it occurred. As Anderson and Bower 
(1972) have recently pointed out, what 
appears to be a simple recognition memory 
experiment is actually “a list-differentia- 
tion experiment in disguise [p, 102]." 
The question remain 


s: What attributes 
of memory does S use to enable him to 


make the requisite discrimination of old 
and new. The dominant theory of recog- 
nition memory has been the Strength theory, 
reviewed in detail by Kintsch (1970). 

. the purposes of the present article 
sufficient to state briefly th 
theory assumes that S c 
a memory trace of a 

item and make Tecognition decisio; 

that item "not on the basis of ; 

memory of the past history of o 

of the item, but rather on the 

single measure Which refl 
its past frequency, 
of exposure [Ande 

P- 981" Thus the 

Strength theory 

that it js 

should be 
tween item 


€ seen an 
ow White 


For 
it is 
at the strength 
àn directly 


access 
Previously pre. 


sented 
1$ about 


CCurrences 
basis of a 
ects to some extent 
recency, and duration 
rson & Bower, 1972, 
essential feature of the 
n memory is 

Therefore; it 
distinguish be- 
ave been equated for 


of recognitio 
“ahistorical.” 
impossible to 
S which h 


s have the > 
frequency and recency and, thus, ho 
same resultant strength in Kr past 
have in some other respects differer 

i ies. ; of 
ae alternative to a strength theo 
recognition memory is a context ee by 
theory such as that recently prapora Es 
Anderson and Bower (1972). This "han 
assumes that items in memory do cogi 
histories and that, in fact, items are A 
nized precisely by retrieving certain ok as 
mation concerning their histories, b to- 
contextual information which is MOI 
gether with the item (Tulving & ro 
1971). The essential feature of this ws 
is, therefore, the antithesis of sue 
theories in that it assumes that the are 
torical features of a memory trach Pa 
maintained and can be used to differen 
items in memory, F Jered 

The third theory which will be d er 
is alsoa marker or attribute theory. nat : 
wood and Freund (1970) assume rel 
Tequency differential is the dominant 9 ^ 


5 : ee ry task?) 
ory attribute in recognition ped 
À simple frequency theory could be i 


n 
H y € 
as a strength theory, since increasing 
item's frequency of occurrence is one d 
main methods of incrementing its meh Jo 
strength (Kintsch, 1970). Howeves n 
derwood and Freund are not tendi fre 
Strength theorists, as they assume tha no 
quency is only one of many me eudi 
attributes and that other attributes ene), 
aS context) can come to support a mad 
discrimination or even replace it whe 
quency as a basis for performance bec el! 
invalid. The theory is distinct from e 
eral marker theories in that it assum ) 
hierarchy of attributes with freque ig 
ominant, Jf frequency is removed, ! 


. le 
formance should decline as other, 
dominant cu 


The three Nos 
Predictions. For example, strength ¢ D 
ries (Kintsch 
accuracy not be maintained ud | 
the items differed in terms of some Ma. 
known to influence their strength 
frequency Similarly, © gt 
quency were dominant cue, x. 
items for frequency should make it 
difficult. for Ss 


ne 


T 
e 
tW 
to discriminate be 
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(tems. However, context marker theories 
(Anderson & Bower, 1972) would assume 
that as long as the items to be differentiated 
carry distinct contextual markers S will be 
able to discriminate items in memory even 
in the absence of frequency information. 


EXPERIMENT | 


In order to distinguish between the op- 
posing views presented above, it would be 
necessary to modify a recognition memory 
task in such a way that item differentiation 
on the basis of frequency would be impos- 
sible. Underwood and Freund (1970), 
using adult Ss, compared recognition mem- 
ory for study items when both the study 
items and the distractors had occurred 
equally frequently. Performance should 
be at chance under these conditions if fre- 
quency alone is the basis of performance. 
However, although performance did decline 
(between 15%-20%), Ss were still able to 
discriminate study items at an above 
chance level (approximately 70% correct). 
Martin (1970) has shown that when both 
study items and distractors w € repeated 
many times, retardates were still able to 
discriminate study items which had oc- 
curred five times from distractors which 
had occurred four times, llowever, no 
discriminations between items of equal 
aed were included in Martin's study. 
Frew oie) ee "be Underwood and 
ind distractor ome mg a i i eru 

S equated for experi- 
nental frequency was adopted. In addi- 
ion, the other feature which contributes 
© an item's strength in memory, its ex- 
'erimental recency, was also controlled in 
n attempt to determine whether items in 
Nemory can be differentiated on the basis 


t Some other cu é i i 
€ than their ex “Ntally 
EET Q experimentally 


Bitength, or their frequence 
ccurrence, SENE VP 
ia Method 
'ubjects 
The 


P, z were 18 institutionalized, moderately re- 
s cted. from the Mansfield State Train- 

Baiil fe cor on pela Depot, Connecticut, without 
‘Ctraining and t v Se ett eBOry. Six Ss nae 
Greene | two SS were not available for the 
Xperiment so their data were discarded. The 


remaining 10 Ss ranged in age 12 yr. 3 mo.-18 yr. 
5 mo. with a mean chronological age (CA) of 16 yr. 
Smo. Their mental age (MA) range was 8 yr. 2 mo.- 
12 yr. 4 mo. with mean MA of 9 yr. 9 mo, They 
had a mean 1Q of 71, with a range of 58-83. 


Apparatus 


The stimuli were presented by means of a modi- 
fied Wisconsin General Testing Apparatus (WGTA). 
The S and E sat facing each other with a one-w: 
vision screen interposed. The main features of the 
apparatus consisted of a 76.2 X 30.5 cm. sliding 
tray with two (6.4-cm.) reward wells centered 30.5 
cm. apart. The sliding tray was pulled out of sight 
behind the one-way vision screen for baiting and 
pushed out directly in front of S for each trial. 


Stimulus Materials 


A large stimulus pool was constructed consisting 
of colorful pictures cut from children’s books d 
magazines. The pictures were pasted onto n 
10.2 cm. black posterboard cards and covered vm 
transparent Contact paper. With the exception gi 
experimentally determined repetitions, no picture 
was repeated and an entirely new set of pictures 
was used cach day. During pretraining the pictures 
were selected randomly, without replacement, from 
a separate large pool of items. During the experi- 
mental sessions, five preordered sets were available, 
one for each day. 

Before describing the design and procedure a Wes 
is in order concerning the terminology to be used 
in these experiments. The to-be-remembered ioe 
will be referred to as target items (T items). The 
new items on forced-choice tests will be referred to 
as distractor items (D items). On its first occur- 
rence an item will be given the subscript ae 
Each subsequent appearance will incre the su a 
script by one. Therefore, D; will indicate a dE 
tor item that has occurred once before and Ds P4 
indicate twice before, etc. Thus, a new item wi 
always have a zero subscript to indicate that it ha 
never occurred before and an old item will a 
have a nonzero subscript, the number referring 
its number of previous appearances. 


Design 

Freguency controlled trials. Each experiment 
sequence consisted of an inspection pue in 
items followed by a test series of 52 forced-t ius 
rs. Frequency ; varied in three blocks oa 
trials. On Trials 1-12, each pair of items err. 
a T item selected randomly from the 36 av pe 
T items of the inspection i As it had onen zt 
before in the inspection series it was designate Le 
Each T; item was paired with t E 
that had never occurred before, Do. 1 us d T Pa a 
discrimination on Trials 1-12 vi ied Ns 
ae aire On Tri s r2 the forced-choice pa 
[m Poner of T, items, randomly selected from 
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TABLE 1 
DESIGN AND RESULTS OF EXPERIMENTS I AND III 


No. of observations | Proportion correct 
Trid; | Problem SESS 
MEL LESE | sper, 
Test trials 
ES Ti-D 12 600 95 97 
15:24 (TD? 4 200 :92 .92 
Ti-Di 8 400 87 90 
27-38 | Ti-Do 4 200 90 94 
TD, 2 100 91 90 
T-D:| 6 | 300 | ‘91 | ‘93 
25-26 | TD: 2 100 95 — 
39-40 | TD: 2 100 94 — 
Recognition of D items (Experiment I only) 
41-44 | TD, 4 200 99 — 
45-32 | Di-Do 4 200 .95 — 
D;-Do 4 200 96 — 


Note. Prior to the test trials, an inspection set of 36 items 
(n a stack in Ex; eriment I and in pairs in periment III) 
Was presented to Ss, 

aT = target item; D 
number of previous app 


= distractor ite 


m; and subscript gives 
earances of item, 


the remaining inspection. set pool. 
paired randomly with one of two types 
those that had occurred as distractor. 
1-12 or new D items. Thus, in a resultant T,-D, 
pair, both items had oceurred before, equally often, 
Discrimination based on frequency alone would be 
impossible. On Trials 27-38, the T, items, con- 
sisting of the remaining 12 items not yet tested 
from the inspection set, were paired with one of 
three types of distractors. The D item was either 
entirely novel, Do; had occurred once before, Di; 
or twice before, D, as a distractor. Thus, in the 
TTi-Ds condition, both items were old, but now the 
D item had occurred more frequently, If 5 chose the 
ing more frequently, he would choose the 
In the third block of trials the three fre- 
randomly. The se- 


quencies of D items occurred 
ally controlled frequency Pairs 


These were 
of D items, 
s on Trials 


quence of experiment 
is presented in Table I. 
Recency controlled trials, 


the first sequence of 40 Were included as a test of 
whether S used relative recency of Occurrence in 
order to discriminate between T and D items, On 
Trials 25 and 26, 39 and 40, a 1 


a Tes 


The remaining trials in 


and D, items from 
in the preceding L 
now as TD, pairs 
would provide 
Which had occ 


- The resultant TD, pair 
a choice between two items, both of 
with their last 
the same time, 
frequency, or 
» Performance 


If S 


recency of last app 


earance of an item 
would be at char 


nce, 


Recognition of distractor items. The acm 
trials of the experimental sequence were Ep HE 
as a control condition, the purpose of which was a 
test whether Ss were able to recognize a D i 
it was paired with an entirely new picture. ae 
although the T and D items had occurred an e i 
number of times in the frequency eonen pa à 
they may not have been considered ean y AU 
failed to attend to the D items. Consider t he pa 
on which S looked first at the T item. If he on 
fied this as the old item he may not have d 
the D item closely before making his choice. e 
an experimentally defined frequency of occartene 
would not correspond to a subjective Aper 
count. In order to determine whether the D item 
were encoded at all, it is necessary to show thal 
they can be distinguished from totally new Ren 
Therefore, on Trials 41-52 the instructions to 
were altered. He was told that the game had 
changed and that now he must choose the ne 
Picture: "The candy will be under the one n: 
never saw before." In order to ensure that S5 
understood the changed instructions they were Pre 
sented on four trials (41-44) with a choice bed 
à very familiar T item (T3) and a totally Dew E 
tractor (Do). On the remaining trials (45-52) E 
were presented with two D items, a completely ee 
D item (Dp) paired with a D item that had Deci 
either once before (Di) or three times before d 
as a distractor item. There were four tests of ea 
comparison (see Table 1). 

In order to arrive 
item repetition and t 
not completely 
test sequence, ar 


at the necessary sequence E 
© ensure that item type M. 
confounded with position in ‘ons 
n unequal number of observati e 
of each trial type occurred within a day. In Do 
first section (Trials 1-40) there were 20 Ts 
tests, 10 T;-D, tests, and 6 T,-D, tests, With 0 
Ss, tested for 5 days each, there were totals of 1, 1 
500, and 300 observations of the three prob 
types. The order of presentation, together with in 
number of observations per day, is presente 
Table 1. 


en 


—<—<— 
= Saz RE ee a 

=  — annette 

-— — onn m 


Procedure 


Each S was test, 
pretraining follow, 

Pretraining, Ti 
sions was to trai 
command, On 
Were trained on 
Procedure, Th 


í 
; o! 
ed for a total of 8 days, 3 days 
ed by 5 experimental s sions. of 
he purpose of the pretraining Ve 
n 5s to choose the T or D items 
the initial day of pretraining r 
a forced-choice recognition memor} 
ey were given an inspection M 
items and told that these were “candy cari d 
Following this, Ss were given a series of forces 
Choice tests Where a choice between a candy d 
T item) and a Novel distractor (D item) was P 
Sented. The Ss were told to choose the candy E 
On the initial day Ss received 10 trials with M 
Spection set of only one item, followed by E 
With an inspection set of 2, 5, and finally 10 NC y 
n the second day the procedure was repeated e j 
the exception that Ss were instructed on the fore 
choice tests to choose the D item: “The candy 
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Eer the one you never saw before." On the 
S eme required to choose the T or D 
tests the CEU MN command. On all forced-choice 
Well which E item was placed over the reward 
Oon cor is baited with an M&M candy. The 
on d e item was determined by a 
at 100% core vs ? series. Success criterion was set 
under any ae el Ss were allowed one repetition 

hy AME Ton in which they made an error, 
EN ee pups The 5 days of experimental 
x MM > ie entical, with the exception that Ss 
rant hay mE of preordered cards each day. 
items ane 2 2 is given an inspection set of 36 
"he S E E that these were the candy cards. 
looked is sat together in front of the W GTA and 
One at a ee lhe S looked at the items 
BEC were ne at ee os rate, but approximately 
ing the Dn te eis to view each picture. Follow- 
Wera o eWwing session, E then went behind the 
The S rem and began the forced-choice trials. 
sequence m ko nas to find the candy card, The 
Prearrang 52 forced-choice tests followed in the 
Card q 
rou 
rewarded with 


At the end of 


m an M&M candy. 
Sd testing each S received an additional 
eward of his choice. 


Candy 


Results and Discussion 


he ra 
in T € results for all test types are shown 
able 1. = 


Ire 
“quency Controlled Trials 


Pe 
t €rformance was high on the initial set 
Standards pairs (Trials 1-12), where. a 
Volveq ee enon memg task was in- 
ti Ying t] ine probability of correctly iden- 
cy ten picture was 95. A similar 
“Ported „level (.96) has previously been 
me in both a continuous recognition 
lorceq Paradigm (Brown, 1972) and a 
With thi Olce procedure (Martin, 1970) 
n id S population. 
Degi Ti remaining trials, where D items 
roximately Goer "formance dropped to ap- 
the DIOSA e 76 correct. The block of 
NS lock jos E em is the 
arisons DORGE os “ b ne oi 
evels are equal jeg ques um 
x 5 n Ta al for all comparisons. 
wh fed Bw Unden nsistent with those re- 
er wood and Freund (1970), 


e a 


Mory 


Wa a signife- = : 
Was bu; 8nificant decline in performance 
Were SUD when frequency ated pairs 

Presented. y equated pairs 


Recency Controlled Trials 


Performance on the test trials (Trials 
25, 26, 39, and 40), where both frequency 
and recency of occurrence were equated, 
was again very accurate (94%). As the 
items were approximately equated for 
strength in that neither differential fre- 
quency nor recency could serve as a basis 
for discrimination, the absence of a decline 
in accuracy is difficult to explain in terms 
of a standard strength theory of recogni- 
tion memory. Also difficult for a strength 
theory to explain is that performance was 
also very accurate when T;-D» pairs were 
presented. The D items were seen more 
frequently and should therefore have greater 
strength. In order for a strength theory to 
incorporate these data, complex decision 
rules concerning when to approach and 
when to avoid the strong/weak item would 
have to be added. 


Recognition of Distractor Items 


Accuracy at distinguishing recurring D 
items from entirely novel D items was high 
(96% correct). This suggests that S must 
encode the D items, if he can distinguish 
between an item that occurred once as a 
distractor (as many as 40 trials previously) 
from a new item. 

Considered as a whole, the data suggest 
that neither a. traditional strength model 
of recognition memory nor à frequency 
attribute model can fully account for per- 
The possibility that contextual 
or temporal features are used to differenti- 
ate items will be considered later. How- 


ever, before this was attempted, one addi- 
i g ras 

tional explanation of the present gan ra 
considered. That is, in this p E 
could learn, via a conne Re pes 
i i are C ct, with this £ 
which items are correct, M 


as the basis of his E T red 
This possibility was examined ! 


formance. 


ment II. 
EXPERIMENT Il 


The data from Experiment I are at 
variance with those reported by Under- 
bn and Freund (1970) in that there was 
sire in performance associated. with 


wood 
f equal frequency. One 


no decl i 
presenting items 0 
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possible reason is that the Underwood and 
Freund study used a large number of test 
pairs (200). As a consequence, the fre- 
quency controlled pairs were embedded in 
a long series of standard recognition pairs. 
The Ss could not easily learn that distractor 
words were being repeated. This excellent 
control was not possible in Experiment I 
because of the restrictions placed on the 
design by the particular S population. 
With retarded Ss it appeared that a test 
sequence of 50 was an absolute maximum. 
Thus, it is obvious that Ss were not only 
aware that D items repeated, but it is 
possible that they could learn which items 
to avoid within the course of the experi- 
mental sequence. 

That learning could explain performance 
was proposed by Martin (1970), who sug- 
gested that S comes to distinguish T and 
D items by means of contiguity learning, 
In Martin’s study the same T and D items 
Were constantly re-paired prior to presen- 
tation on successive trials. On the initial 
trial, S could choose the T item because 
the salient novelty dimension was still 
Present. On this trial, S would choose the 
T item because of its familiarity ; however, 
due to this choice, an association would be 
formed between that T item and an ap- 
proach response via a contiguity mechan- 
ism. These associations were then 
sumed sufficient to mai 
when the novelty 


as- 
ntain performance 
cue faded. However, 
in Experiment I of this series, the pro- 
cedure was such that a new T item oc- 
curred on each test trial, Any associations 
between the T items and an approach re- 
sponse could not help subsequent perfor- 
mance, since the T re always re- 
placed. An explanation in terms of con- 
tiguity would have to be based upon avoid- 
ance responses being built up to the D 
items. Further, these avoidance responses 
would have to be established in one tri 
and maintained when the origin 


items we 


al 
al trans- 


verse compounds were destroyed. While 
this account is possibly correct, it appears 
unlikely that such is the case. 


For example, 
there are data which indicate that not only 
are avoidance responses formed slowly by 
retardates but that destroying transverse 


rse 
compounds also has 


a deleterious effect on 
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retardates' performance (Campione, 1969). 
Thus, a contiguity explanation appeared 
unlikely to explain the present data. How- 
ever, in view of the divergence between the 
Underwood and Freund (1970) data and 
that obtained in Experiment I, a further 
test was made in Experiment II before such 
a hypothesis could definitely be ruled out. 
In Experiment II, S was required to dis- 
criminate between T and D items when 
both frequency of occurrence and number 
of rewarded choices were equated. 


Method 
Subjects, Apparatus, and Stimulus Materials 


These were the same as in Experiment I with the 
exception that all new pictures were used. 


Procedure 


No additional pretraining was given. The $$ 
were tested for a total of 3 days. On each day they 
received two repetitions of the experimental ET 
quence, and therefore, two separate sets of pictur 
At the beginning of cach experimental sequence d 
was shown an inspection series of 20 cards and y: e 
that these were the candy cards. He viewed PP 
stack at his own rate, one picture at a time. d 
Viewing period was followed by 30 forced-choic 


; "Per ition 
test trials. On Trials 1-10 the standard recognition 
memory procedure was followed by presenting 
items, selected randor 


e mly from the inspection serie? 
with novel distractors, Do. The Ss were told a 
find the candy card. On the second block of trial? 
(11-20), the remaining 10 T items were select! 
from the inspection set and paired with the D ite™ 
that had occurred in the preceding block of trial 
yielding T,-D, pairs, However, in this block 55 
Were told to choose the carq that had not occurrct 
in the inspection series (ie, the D item). The E 
had previous experience with picking the T and P. 
items on demand in Pretraining. On the last block 
of 10 trials, the Tı items that had occurred 5 
Trials 1-10 were randomly re-paired with the 10 ! 

items which had occurred on Trials 11-20, yielding 4 
set of TD» pairs. In this block, both the T an 

the D items had been selected as correct, anf 
rewarded, once before, The Ts items were corre¢ | 
on Trials 1-10 and the Ds items were correct 9! 
Trials 11-20, Therefore, both the T and the p 
items had occurred equally often and had been aë 
Sociated with approach responses and rewarde 


equally often. The sequence of test trials is pr* 
sented in Table 2, 


There were. 
Ti-Di, and 7 
within an e 


therefore, three problem types, Tie 
“Ds, and 10 repetitions of each ty 
v Xperimental sequence. With two repe g 
tions of a sequence each day and 3 days of testi 
10 Ss, the design yielded 60 j g 
Problem type. 


600 observations of e? 


omm oom e. Witte — eee 
a Em ————— —.. 


Results and Discussion 


Nurs shown in Table 2. Per- 
tion of ERU only slightly as a func- 
Aa "E. ) oc k. The overall probability 
both freque Bie qc Was 95. Even when 
De inser ed of occurrence and approach 
lock of Eg ret in the third 
5% ote ; performance remained at 
minuere ie ed apparent effect of repeti- 
ÉüBable A = were summed across this 
factorial x ^ X 10 (Trial Blocks X Ss) 
ucted on te ysis of variance was con- 
O trial blo X aimar scores. The effect due 
l7. Pad ts was significant, F (2, 18) = 
that erior 9: J ost hoc testing revealed 
trials, the Mance in the first block of 10 
significant! standard recognition test, was 
ock of d À better than in the second 
tno oie S, S (2, 18) = 8.22, p «.05, 
Significance r peri comparison reached 
nding shat f principal interest is the 
trials is pon ormance in the third block 
that in th " significantly different from 
quency of € first. Even when both fre- 
Were onis V capas and reward history 
9597 sen 2 ed, performance remained at 
the CM et These data, together with 
SOntiguity Ios Experiment I, suggest that 
ith earning is an unlikely mechan- 
Which to explain the excellent 


ism Ww 
Performance 


t 


EXPERIMENT III 
n Consig 
USt two 


a str. 
treng 


cred together, the data from the 
e Oet suggest that neither 
cory EU cv nora frequency attribute 
iiem, an a ily explain how the T and 
leory to A differentiated. The third 
OWer's eet is Anderson and 
\ 4 2) context marker theory. 
time Pontiac Bower suggest that at the 
ems of any item there is 

Sly active a unique element 


Sim 
ult 
È alt 


r 
"Ing elie ne on retrieving and com- 
1 the items ‘speeds markers associated 
Present P rere With reference 
that a E it would be 
initially encodes the 
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TABLE 2 


DESIGN AND RESULTS (MEAN PROPORTION CORRECT 
AS A FUNCTION OF TRIAL BLOCK) 


OF EXPERIMENT II 
Trials Problem type* Proponi 
Wy F qa 
1-10 T,(1-10) — Do(1-10) .98 
Me za 
11-20 T;(11-20) Di(1-10) 93 
Re e m 
21-30 T.(1-10) — Ds(1-10) 95 


rations, 

a ubscript gives 

of item; (+) = S was told to 
(card he had seen before); (—) = S was 

wd that he had not seen before; numbers in 

on which item was seen before. 


parentheses give tria 


T item he simultaneously encodes con- 
textual information concerning that item. 
In Experiments I and II S first viewed the 
T items as they were presented to him in 
the inspection stack. He was seated at a 
table with Æ, and they viewed the items 
The D items occurred initially 


together. 
a member of a 


in a different context, as 
forced-choice pair presented on the WGTA 
The E was not visible when the D 
items were seen. Thus, the initial appear- 
ance of the T items (in a stack, in the 
presence of E) was distinct from the initial 
appearance of the D items (in a forced- 
choice pair, in the absence of E). These 
separate contexts could become associated 
with the two distinct types of items. If, 
when S retrieves an item, he also retrieves 
this contextual information associated with 
it at the time of storage, differentiation 
and D items would be possible. 
ate the importance of 
attempt was made 


tray. 


between T 
In order to investig 
contextual markers, an ater" FU 
in Experiment III to minimize contextua 
differences between the initial presentation 
of T and D items by presenting the inepe 
tion set items in pairs on the WGT ed 
With the exception of the presento one i 
dition the main features of Experim 


were repeated. 
Method 
Subjects, A pparatus, and Stimulus Materials 
Sy 4 

n ere t as in Experiment 1, with 
These we went Tn 
exception that en tures were used 


he same 
tirely new Pic 


the 
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Procedure 


The procedure was identical to Experiment I 
with the following exceptions: (a) No add ional 
pretraining was given; (b) only 36 forced-choice 
trials were given each day, corresponding to the 
three major blocks of trials, 1-12, 13-24, and 27-38, 
of Experiment I; (c) the only major change was the 
use of the different presentation condition. 

The E was obscured by the one-way vision screen 
in all stages of the experiment. The items in the 
inspection set were initially presented to S, not in 
a stack, but in pairs on the WGTA tray. The E 
placed the pair of items on the tray and presented 
them to S with the instructions, "These are the 
candy cards." The S was told to look at them both 
and then push the tray back to E. The 36 inspec- 


tion set items were thus presented in 18 pairs on the 
WGTA tray. 


Results and. Discussion 


The results of Experiment III are shown 
in Table 1 together with the comparable 
results of Experiment I. The replication 
of Experiment I is quite striking. Minimiz- 
ing obvious contextual differences between 
T and D items did not lower the high levels 
of accuracy. "These data suggest one of 
two alternatives: Either context markers 
are not used to differentiate T and D items, 
or sufficient contextual information re- 
mained to maintain distinct contextual dif- 
ferences between the two types of items. 
This position illustrates one of the weak- 
nesses of a context marker theory in that 
the authors (Anderson & Bower, 1972) are 
quite vague concerning exactly what type 
of information can serve as context markers, 
Indeed, one of the main criticisms that can 
be leveled against the concept of contextual 
associations is that it merely describes the 
fact but does not explain how S differenti- 
ates items in memory (Tulving & Madigan, 
1970). Therefore, at this point it seemed 
inefficient to proceed by Systematically 
isolating other possible contextual cue 
an attempt to uncover the specific cues in- 
volved. A more economical approach 
would be to state that the data so far 
indicated that S can tell which items oc- 
curred in the inspection set and which ones 
did not. This global cue, in the inspe 
set, could comprise many contextual fea- 
tures. Obviously temporal features are 
also involved. The first occurrence of a T 
item always preceded that of 


s in 


ction 


a D item, 
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and this temporal information could be 
used to separate the lists. The importance 
of temporal cues for list discrimination has 
been documented (Hintzman & Waters, 
1969, 1970; Winograd, 1968). Before at- 
tempting to separate temporal and con- 
textual elements, it seemed reasonable to 
test first the validity of the global hypothe- 
sis. If, indeed, it is the case that S can 
differentiate T and D items by using the 
global cue (in the inspection set or not), 
then subsequent studies could concentrate 
on the task of isolating which component 
cues were responsible for performance. In 
Experiment IV, both T and D items were 
presented in the inspection set. 


EXPERIMENT IV 


Method 
Subjects 


The Ss were 10 institutionalized retardates se- 
lected from the Mansfield State Training School, 
without regard to sex or diagnostic category. Pus 
of the Ss had previously taken part in Experiment? 
1, H, and III. The remaining five Ss we select” 
from eight Ss who had previously passed the pre 
training criteria described in Experiment I. Thess 
five Ss were selected so that their descriptive de 
tistics would be as close to the five experienced 2? 
as possible (mean CA = 16 yr. 2 mo.; mean MA ^ 
9 yr. 11 mo ; mean IQ = 72), 


Apparatus and Stimulus Materials 


These were the same 
III, with the exceptior 
were used. 


as in Experiments I, 1I, and 
1 that entirely new picture? 


Procedure 


All Ss were tested for a total of 3 days. On each 
da J received two experimental sequences. In each 
experimental sequence S received an inspection set 
of 36 items, presented to him in two separate stacks 
of 18 cards. In Condition 1, S was given the first 
stack and told were the candy cards. Im- — 


k that these 

mediately after viewing the first stack, he was given — 
the second with the instructions that these were not 
the candy cards. In order to ensure that S looked at 
the negative items, he was required to name the 
items in both stacks In Condition 2, the procedure 
was Tepeated; however, the initial stack containe' 

the neg; tive items and the second stack consisted 9 
the positive items, Following the viewing of both 
stacks, the test trials were given. The S was alway? 
required to choose the candy cards on the test 
trials, and the position. of the correct item W 

determined by a Gellermann (1933) sequence. The 


ata p 
x reveale as 
and exy led no difference between naive 


test trials cons; 
Sich SRM of two trial blocks of 18 forced- 
consisted Bey PANE first trial block, each pair 
Ehe a us item taken from the positive 
LN dee cards) and one D item selected 
the 18 pd pm In the second trial block, 
DENS were 2 prac but the T and D 
cedure of ace Y re-paired, following the pro- 
Stems, ia m (1970). The same stimuli, the 
ae re einiaid: Therefore, both fre- 
trolled on the sunny, of last appearance were con- 
Ead su ast trial block. 
a fog e two experimental sequences each 
ith the or: ondition 1 and one under Condition 
dos pf mde: F counterbalanced across Ss. With 
Observations ng 10 Ss, the design resulted in 540 
ons under cach condition. 


Results and Discussion 


The 
m E proportions correct on Trial 
“onditions aoe i 68, respectively, for 
Mean ice Pond 2. On Trial Block 2 the 
conditio Portion correct was .75 for both 
i ns. A. 2X 2X310 Condi- 
: Blocks X Repetitions X Ss) 
on the poe of variance was conducted 
Teach Or scores. The only effect to 
, ! acceptable level of significance 
ho Eje to trial block, F (1, 9) = 
2005. An inspection of the raw 


Perienced Ss. 
Principal ; i x E. 
Mance is uel interest here is that perfor- 
T ode e 70% accurate, compared 
1 f S 
i the NM. levels of accuracy recorded 
Ot] ceding experiments. Presenting 


types f 
CIT s ims i : A 
"Astically of items in the inspection set 


5 e 
With tl 


the level of perfor- 
: ; What 
deus the inspection set are 
Ontrib. item differentiation? The 
Je consid iste of temporal cues must 

ered, for in the present series 


ments, the c A 
lon zu the contextual cue “in the 


Cues, 


reduced 


ae questi ee. 
associ luestion now arises: 


„Om 
Sible ¢, 


Use 
Dog, 


Deri; 
ae 
1$ confounded with tem- 
ite, 1t ds n 
m’ reg " 
n's don e mabig to assume that an 
C Ee history (Anderson & 
[S re; 5 available to Ss, it would 
n Cason: 
Ora] p. Senable to 


le qs UStory : 
St, CIstin Ory is 


assume that its 
also available. Again 
n must be made between a 
3 and a multiple-trace theory 
«X theory of temporal 
a" a hat a repeating event 

"differentiated trace in 


Ction 


assu 
, 
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memory. Each additional repetition of an 
event serves to increase the strength of 
this trace. Recency judgments are said to 
be based on the strength of an item's trace 
in memory. However, if this were the 
case, it would be impossible to distinguish 
when the repetitions contributing to that 
strength occurred. That is, the item's 
temporal history would be unknown. How- 
ever, adults cannot only discriminate with 
some accuracy between the recencies of two 
independent items (Yntema & Trask, 
1963), but they can also distinguish be- 
tween the recencies of separate occurrences 
of the same event (Hintzman & Block, 
1971). If the temporal history of an item’s 
appearances is available, at least to the 
extent that S can discriminate the recency 
of more than one repetition of an item 
(its first appearance from its subsequent 
appearances), then it would be possible to 
distinguish T and D items by means of 
temporal coding. The time-tagging mech- 
anism would run as follows: Items are 
tagged on their initial appearance. This 
time tag will be referred to as an item's 
“birthdate.” Subsequent repetitions €s- 
tablish separate traces each tagged with 
its own recency information. The traces 
coexist in memory. The birthdates are not 
obliterated by subsequent repetitions of an 
item. In the standard condition (Experi- 
ments I-I1I), the birthdates of the T items 


vs more remote than the D items, 


are alwa 
tween them based on 


and discrimination be 
temporal cues is possible. However, in 
Experiment. IV, presenting both items In 
the inspection set reduces the temporal 
separation between the birthdates, and per- 


formance declines. 
The concept of 


i al í textu 
rise temporal and contex ue 
vue the item is both time tagged and 


it oci initial 
context tagged when it occum. AUN 
attempt to separate context E ^ MET 
tures associated with the birthdate 
undertaken in Experiment V. 


"pirthdate" may com- 


al features 1n 


EXPERIMENT V 
an attempt was made to 
e levels of perfor- 


In this study 
degrees of 


examine more closely th e 
mance associated with varying 
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temporal and contextual distinctiveness as- 
sociated with the birthdates of the T and 
D items. Condition 1 represented the 
standard condition (Experiments I-III), 
where a clear distinction between the 
item's birthdates could be made. The T 
items occurred alone in the inspection set 
and were followed by forced-choice trials; 
hence, the D items did not occur until the 
test trials. In Conditions 2 and 3, both 
'T and D items occurred in the inspection 
set. However, in Condition 2, the items 
enjoyed some degree of temporal separa- 
tion as they were presented in two separate 
sets, following the procedure of Experiment 
IV. In Condition 3, the T and D items 
were presented simultaneously. Thus, Con- 
dition 1 represented the greatest degree of 
temporal separation and an additional con- 
text cue (in the inspection set, not in the 
inspection set). Condition 2 presented a 
small degree of temporal separation, but 
both items occurred in the same context. 
In Condition 3, both items occurred in the 
Same context and the temporal cue was 
completely removed. 

An additional control 
tion 4, was also included i 
This was a concurrent dis 
ing situation where S's 
two-choice discrimination problems con- 
currently was assessed. This condition was 
included to determine if levels of perfor- 


mance in the experimental groups departed 
significantly from that which would be ex- 
pected if Ss merely learned which item was 
correct in the course of the experimental 
sequence. 


condition, Condi- 
n this experiment. 
crimination learn- 
ability to learn 18 


Method 
Subjects 


The 10 Ss consiste 
additional 4 Ss, equa 
a pool of Ss who had 


ously participated in the series. 
the resulting 10 Ss w: 


as 9 yr. 5 mo., mean CA was 
15 yr. 3 mo. 


; and mean IQ was 68. 


Apparatus and Stimulus Materials 

These were again of the same general description 
as in previous experiments with all new pictures 
introduced for the study. The items were pre- 
ordered into separate Sets, one set for each day. 
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Procedure 


Pretraining. The Ss were tested for a total of E 
days, 2 days of pretraining and 8 experimental 


sessions. The first day of pretraining consisted E 
two replications of each of the fonr cant d A 
the experiment proper, using inspection SED ^! 
items (five pairs). On the second day, this bi 
repeated, using inspection sets of 20 items. B 
order of conditions was randomized across neg 
procedure for each condition was exactly 


s will be 

i 1 «pDerimental con- 
described for the corresponding experimental 

r 


dition. No success criteria were set. a 
Experimental sessions. The eight ers D 
sessions were divided into two replications of ea 
of the four conditions of the experiment. Thess 
perimental sequence was divided into three UAE a 
For all conditions on Trial 1, S received informat a 
concerning which cards were candy cards, and i 
was indicated by an M&M candy placed diren 
on top of the correct card. Also, Ecran a ul 
conditions on Trial 1 was that Ss were require 
name each item as it occurred to ensure that no 
"looked at" the negative items. The procedur 
was identical for conditions on Trials 2 and 3 A 
Condition 1: The Ss originally saw an inspecto 
set of 36 candy cards viewed in pairs on the WG a 
as in Experiment Ill. Following this view x i 
period, a forced-choice set of 18 pairs was presenta 
each pair consisting of one T and one novel D Eo. 
"Thus, the T item occurred initially in an inspec 
set and the D items occurred 
choice test series exactly as in 


ved- 

part of a w L 

periments I pete 

On Trial 2, the remaining 18 cards from the Du. 

tion set were paired with the 18 repeating D iten! 
were randomly re-p 

| 


yielding T;-D, pairs. On Trial 3, these 18 pud 
aired and presented again, YI€ 
ing T«-D: pairs 
Condition 


condition simil: 


Hot 
sted of a presentatio” 
r to Experiment IV, The insPe®, 
tion set consisted of two sets of 18 c 
were presented in pairs on the 
Ss were told that one se 
cards and the other set w: 


vice versa, The order of positive or negative 4 
was randomized across Ss, On Trial 2, the 18 p? at 
for the forced-choice trials were selected so UP, 
cach pair consisted of one item from the posit! 
Set and one from the negative set. The pairs W 
re-paired randomly for Trial 3. iol 
Condition 3: Trial 1 consisted of an inspectio, 
Set of 18 pairs Presented on the WGTA, One ite 
the candy card. On Trials 2 ane j 


[o 
$ sët 

re re-paired randomly and preset? y 
e trials, 


ards. 
WGTA tray- dy 
t of pairs was the E f 
as not the candy cards ts 


è 


in each pair was 
the 18 pairs we 
as forced-choice 


h seedi 
fits exactly as in the prece 
condition. " 
iti : SoA cor. 
Condition 3: In the control condition, 18 
Current Je; 


ning problems were presented- 


Trial 1, § Was presented wi 


guess which memb; 
card. If Sm 
mitted to ch n 
choice, an M&M candy was placed directly se 
that card. On Trials 2 and 3, the 18 pairs " 
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ed re-paired, exactly as in the preceding 
os. sa testing with one condition 
endian m py and two replications of each 
Eus A cross "days: The order of couditions 
RE : Signment of picture sets to conditions 
E. andomized across Ss. There were two replica- 
"une s sh tne for 10 Ss. With 18 problems 
ae e s 2 and 3 the design resulted in 360 
i 5 for each trial of each condition. 


Resulls and Discussion 


Again, inspection. of the raw means 
Red Hn apparent differences between 
ally experienced or naive Ss, 
E rough the new Ss did appear to have 

ore difficulty during pretraining. 


Trial 1 


The procedures for Trial 1 were such 
M Conditions 2 and 3 did not produce 
mium Ss merely viewed the items. In 
; ton 1, however, Ss received a stan- 
of T iorced-choice recognition test as part 
the » M Performance at distinguishing 

old (T item) from the novel distractor 

ltem) was 93% correct. In Condition 
m were required to choose between the 
rope a pair on a chance basis. The 

10n correct was .49. 


th 


Trials 2 and 3 


4b *" ; 
š he mean proportion correct as a func- 


tion Te à 
Tabi of condition and trial is shown in 
able : , 
fin 3. Performance is considerably more 
urate in Condition 1 than in the re- 


Main; 
'aining conditions. 
in d no effect of repetitions was apparent 
age € raw means, the data were collapsed 
C this variable, A 4 X 2 X 10 (Con- 
Varian, X Trials X Ss) factorial analysis of 
ie “sage Was conducted on the error scores. 
signif eun effect of conditions was highly 
This .quo 7 (3, 27) = 214.54, p « .001. 
É tio ect was followed up according to 
AI poches outlined by Scheffé (1959). 
^ I-wise differences were reliable, S? 
he 92, p « .05. 
nificant Fg effect of trials was also sig- 
i mee 9) = 87.89, p < 001, as 
) - onditions X Trials interaction, 
Action was 7,503, p « .025. This inter- 
om Cue to the fact that there was 


* 
ib 


TABLE 3 
PROPORTION or Correct RESPONSES ON TRIALS 2 
AND 3 AS A FUNCTION or CONDITION, 
<PERIMENT V 


| Condition 
Trial | —— 
| 1 | 2 3 4 
2 | wo il 6 [E o 
3 91 16 71 | .62 


Note, All proportions are based on 360 observations, 


a reliable increase in performance over 
trials in Conditions 2-4, S* (3, 27) < 25.81, 
p < .001, whereas there was no effect due 
to trials in Condition 1, $ (3, 27) = 1.61, 
b 2.10. The lack of a significant increase 
in accuracy for Condition 1 possibly repre- 
sents a ceiling effect. 

Considering the three experimental con- 
ditions, where the degree of temporal sepa- 
ration between the T and the D items is 
varied, it is noticeable that the magnitude 
of the difference between Condition 1 and 
the other two conditions (2 and 3) is quite 
large. The average accuracy level of 90% 
replicates preceding experiments for this 
condition where the T items alone are 
presented in the inspection set. When 
both items occur in the inspection set, 
performance drops to approximately 70% 
correct, again replicating preceding find- 
ings. Thus, it appears to be the case that 
providing distinct contextual and/or tem- 
poral cues, which can be associated with 
an item's birthdate, leads to excellent per- 
formance. Of interest is the fact that the 
difference between 71% correct for Con- 
and 66% correct for Condition 3 
liable difference. Thus, 
even a slight temporal separation provided 
by presenting all of one type of pr 
first, within the same context, does WU 
later discrimination between them, al- 


is increase is small. 
though this increase 15 T M. 
As a final point it is interesting to note 


"oncurre arn- 
that performance on the concurrent learn 
à is is considerably less efficien 

iti ith a mean 
an in the other conditions, with a meal 
A : level of 57% correct. These 
performance FC jene ee 
ata suggest that the procedure of indi 
data suggest | RU got m 
ating which item 1$ correct on an inspec 
i PEN before S makes his choice, re- 
jon trial, 


dition 2 
does represent a re 


ing problen 
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sults in a significantly higher S ji i 
curacy. Consider Conditions a x 
Under both conditions S is presente: y 3 
a pair comprised of a positive and nega M 
item. In Condition 4 S chooses the can y 
card by chance but is allowed to UE 
incorrect choices. Thus, he does eos he 
necessary information concerning which is 
the candy card on each trial. In Condition 
3, the main difference is that S never 
chooses an incorrect card. He is told 
immediately which card is correct, Thus, 
the tag of “candy card” or not candy 
card" can occur simultaneously with the 
initial encoding in Condition 3, but in Con- 
dition 4 must await feedback. 
investigation of the importance of remem- 
bering not only which item is chosen but 
whether it was correct Or incorrect may 
lead to interesting. data concerning the 


effects of memory in discrimination learn- 
ing (Buchwald, 1969). 


Further 


GENERAL Discussion 


These data have important implications for 
both theories of memory in general and for 
theories of retardate memory in particular. 


The implications for general theories will be 
considered first, 


Neither a traditional Strength theory nor a 
frequency attribute theory of recognition mem- 
ory can readily explain the present data. 
Equating the experi 


imental frequency and re- 
cency of all items should also equate 


memory strength, Nonetheless 

items are still differentiable, , that 
accuracy is not lowered when the freque 

of occurrence were equated Presents difficulties 
for frequency attribute theory (Underwood & 
Freund, 1970). 

The relation of the present dat 
and Bower's (1972) context ma 
more complex and brings into fo 
in both the theory and in the Procedure of 
these studies. Manipulating obvious con- 


textual elements associated with the Presen- 
tation of T and D items (Exp i 


not influence performance, 
cause context markers were 
the context elements m 


their 


a to Anderson 
rker theory is 
cus a weakness 


ay be be. 


not involved or 
anipulated we: 


T i re not the 
prime determinants of performance, The 
weakness of the theory is that it does not 
specify which con 


text elements 
be used as markers, 


Only trial 
a particular t; 


ask would de 
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resultant argument is, of course, € 
varying context elements influences Es E 
mance, coatext markers are involved, aU. d 
theory supported. If such pean UA 
not change performance, the appropriate c 
text cues have not been tapped. m 
The weakness of the procedures used 1 
these studies is that it is not possible S 
entirely separate contextual and tempor 
cues, for the birthdate of an item may Be E 
combination of temporal and contextual toa 
tures. Isolating the T items in the a" 
set provided both the greatest degree of ho 
poral separation between the birthdate on! i 
T and D items and an additional set of pee 
contextual associations. The T items oC 
in a separate context, the inspection set., Thu 1 
the resultant birthdate information is a we 
bination of temporal and contextual ery, 
However, the present data do suggest a 
items in memory are stored together with lis 
markers which convey nformation concerning 
their past histories. This historical informa 
tion consists of temporal and/or contexte 
associations. If an item is repeated, Ek 
repetition will be associated with a sepu 
set of list markers. The separate list mark " 
can be discriminated in memory at least to Es 
extent that information associated with Sa 
item on its first occurrence (its birthdate) 
not obliterated by subsequent repetitions. F 
Of interest to developmental theories 15 
excellent leve] of performance reported a 
retarded 155, a Population which has M. 
traditionally described as deficient in memo 
processes. However, recognition memory E 
pictures is very efficient for ihera children 
The probability of identifying an old iten 
under the standard recognition memory pr a 
cedure remained at approximately .96 over 
wide variety of experimental manipulations: 


One Possible explanation for the excelle? 
performance is that 

are concernec 
and 


he 


8), clear evidence of An 
lacking (Belmont, 1966). 10° 
lative, oF possibly an additional, expla! n. 
Is that Tetardates, like young children 
are deficient in Memory tasks requiring 

liberate mnemonic Strategies to mediate T 
formance (Flavell, 1970). It is not clear K y 
the modified recognition memory tasks ^ 


: : 2 strā 
scribed here involve any such deliberate St" " 
egy on the part of S. 7 


can be stored eve 
that they will be 


er^ 


5 :arnt 
n when Ss are not eor 
asked for such inform: 


; formatio 
Temporal inform? ed 
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(Hintzman & Block, 1971) and without any 
apparent "cost" to the memory system (Zim- 
merman & Underwood, 1968). Thus, it ap- 
pears that the storing of temporal information 
regarding items is not necessarily under S’s 
control and does not, therefore, involve a 
deliberate mnemonic strategy on the part of 
S. Whether the distinction is between STM 
and LTM tasks, or between tasks requiring or 
not requiring mnemonic strategies, remains a 
subject of further research. However, these 
studies confirm that retarded Ss are extremely 
efficient not only at recognizing that they 
have seen an item before but also where and 
when that item occurred, 
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REPRESENTATION OF SPEECH SOUNDS IN PRECATEGORICAL 
ACOUSTIC STORAGE ! 


"Three experiments are described in which 
lists of seven acoustic: 
to-be-remembered inform: 
nants of vowel-consonan 
remembered inform: 
vowel syllables. 


lu 


p 


1s suffix effects f. 


erformance on vowels, 


results neither from the 


syllable nor from mecha 


ception of speech; rathe 
is based on steady-state 


consistent with the data 
absolute Magnitude of re 
(6) it cannot be 
(eg. 


In a recent report (Crowder 


showed that 
cabularies of 


tory presentation 
the last serial 


last serial Position) ang 


of a stimulu 
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Position oye 
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h was sup 
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author to use thei 
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e nent of Ps 
ar Street, New 


ally presented synthetic syllables. 


ation was contained in i 

There were statistically sig 
or the fricatives but not fo 
to earlier findings contrasting me 


assumed that fricatives are inevitably Perceived in the same 
» categorical) manner, 
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syllables is quite diffe 
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Ss gave immediate serial recall for 
In the first study the 
inal voiced stop conso- 
ond two studies the to-be- 
Voiced fricatives of consonant- 
nificant recency effects and stimu- 
r the stops. 
mory performance 
The suggestion is that this vow 
position which the critic 
nisms correlated with lateralized or categoric: 
r It appears to be crucial whether the 
or transient information, 


ation was contained in term 
t syllables, while in the s 


These results pertain 
9n stop consonants to 
cl-consonant difference 
al information occupies in a 
al per- 
discrimination 
Although this conclusion is 
nat tentative since (a) the 
as small with fricatives 


, it must remain somewl 
cency and suffix effects w. ,and 


» 1971a) I Consonants of CVs were to be remembered 
on the other hand, there was neither 
significant recency effect nor a suffix effec x 
Furthermore (Experiment V), direct cont 
parisons of visual and 

Tevealed the usual 
Presentation for 
terminal vowels, 
all for a voc 


auditory presentatio? 
advantage of auditor 
& vocabulary with vant 
but no modality effect 2 
abulary with varied initial stoP 
Consonants. These findings of different M 
mediate memory for vowels and consonant? 
are consistent with reports by Cole (1973); 
Smallwood and Tromater (1971), an 
Fujisaki and Kawashima (1970). 
Dne theory which can handle the mo 
effects are dality effect (auditory better than visis 
a Presentation), the recency effect (last pos 4 
üon better than Dext-to-last with auditor? 
presentation). and the suffix effect (detri 
mental effect of à redundant word on fina 
by Nationa} Serial positions of an auditory series) ha? 


hanks are been offered by Crowder and Morto” 
Connecticut (1969) This theory, most recently elabo* 
rated in à lorton, Crowder, and Prussi? 

(1971), States th : 


at following auditory E 
à memory list there is information a 
Senai form (precategorical acoustic tO" 
TRE [PAS], Which remains available for ie 
east 2 Sec., concerning the last few po 
14 
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tons. The availability of PAS information 
concerning the sounds of the last few 
items accounts for the advantage of audi- 
tory over visual input and for the related 
observation of increased performance on 
the last items in the auditory case (recency). 
It is assumed that the fixed-capacity PAS 
system is subject to displacement effects, 
such as the disruptive effect of a stimulus 
Suffix. Since the system is precategorical 
(with regard to acquired linguistic classifi- 
cations) it makes no difference whether or 
not the suffix word is from a different class 
than the memory materials (see Morton 
et al., 1971). 

Apparently the PAS hypotheses (or any 
hypotheses aimed at the effects of auditory 
presentation), while adequate for natural 
stimuli and for tasks requiring memory for 
terminal vowels, are superfluous when it 
Comes to initial stop consonants since the 
three symptoms of acoustic memory (the 
modality, recency, and suffix effects) are 
absent in tasks requiring memory for the 
Stops. A tentative conclusion could thus 
Bog that not all speech sounds are 
with a it AS, as would have been the case 
only me recorder" memory, but rather 
dl, ain parameters of the acoustic 
Since dis retained in this echoic form. 
wine stimuli are quite 
eS i n a memory system such as PAS, 
Kw 8 only certain. parameters of the 

gnal, would still be helpful in disambigu- 
ating perceptual or memorial confusions. 
i n the present research 1 have tried to 
pegin identifying which aspects of the 
initial stop consonants and the terminal 
Vowels used earlier were responsible for the 

ifferences obtained. Note that the ob- 
tained contrast between these two types 
of stimuli is interesting regardless of 
whether the PAS theory is correct. What- 
ever mechanism or mechanisms produce 
the symptoms of acoustic memory must be 
differentially active for different kinds of 
ura sounds. The following three possi- 
bilities concerning why stop consonants 


3 
ees course there must in principle be sensory 
B us for all speech signals; the question at issue 
5 whether relatively long-lasting representation is 


ifferentially avai iffei sses of speech 
intially available to differ lass ct 
f erent classes o! 


gave surprising results in the earlier study 
were put to test: 


1. The difference could have been pro- 
duced by the confounding of letter class 
with position in the CV syllable, since the 
stop consonants were always at the begin- 
ning of each syllable and the vowels at the 
end. If PAS or some other mechanism 
were sensitive to the last piece of informa- 
tion in each segment the result would have 
been an apparent vowel-consonant differ- 
ence. Experiment I of the present series 
rules out this possibility by showing that 
terminal stop consonants resemble the 
initial stops examined previously. 

2. 'The difference could have been pro- 
duced by the confounding of letter class 
with the extent to which the discriminating 
cue varied over time. The cues for stop 
consonants are (complex) rapid frequency 
sweeps, largely in the second formant, 
whereas the cues for vowels are static rela- 
tions between the formant frequencies. A If 
PAS or some other mechanism were differ- 
entially sensitive to steady-state informa- 
tion, the obtained result would have 
occurred. The second and third experi- 
ments of the present series suggest that 
this is indeed the case since results ob- 
tained with a vocabulary of steady-state 
consonants, fricatives, were quite similar 
to those obtained with vowels. 

3. It is possible that the original vowel- 
consonant difference could have been pro- 
duced by an inherent relationship between 
letter class and special mechanisms © 
speech perception. One mark of such à 
special mechanism is found in research on 
laterality differences in dichotic speech 
recognition (Shankweiler & Studdert-Ken- 
nedy, 1970), showing a right-ear adyantage 
for stop consonants, a left-ear advantage 
for musical sounds, and symmetrical SN 
curacy for vowels. Since auditory po 
tions are stronger contralaterally. thar 
ipsilaterally the right-ear advantage is con- 
sistent with localization of speech an 1 
language functions in the dominant (usually 
left) hemisphere of the brain. ]t could be 
that PAS is thus a property of the non- 
dominant hemisphere, where vowels are 
uniquely or largely handled, and so vocabu- 
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laries which show the right-ear ME: 
should not give evidence of I a a sd 
mark of special speech-přocessing a a 
nisms is the phenomenon Aue 
perception. Liberman, Matting » i 
Turvey (1972) have applied ars ES 
categorical perception io my report o 
absence of PAS in stop consonants 
follows: 


as 


ast in general terms, then, f 
E Sed the stops and vowels is d 
what we would expect. As we have s en, . t the 
special process that decodes the stops strips away 
all auditory information and presents to immediate 
perception a categorical linguistic event the listener 
can be aware of only as (b, d, g P,t,k). T hus, there 
is for these segments no auditory, Precategorical 
form that is available to consciousness for a time 
long enough to produce a recency effect. The rela- 
tively unencoded vowels, on the other hand, are 
capable of being perceived in a different way. 
Perception is more nearly continuous than cate- 
gorical . . auditory characteristics of 


- because the 
the signal can be Preserved for à while [p. 329]. 
are thus 


erception 
d out with 
ance it js 


the difference in 


Liberman et al, 
since even the p 
nants gets carrie 
acoustic guid 


Proposing that 
of stop conso- 
! only minimal 


no surprise that 
acoustic information does not linger in 
memory afterward, 
Although these two rel 


ated hypotheses 

al perception) are 

resting than Possi- 
i seems to 

argue against tl i icatives 

as stimuli in Exper; 

Show the fe 

essing (Darwin, 1971) 


EXPERIMENT I 

In the first ex 
Series were randomly Composed of elements 
from a vocabulary of three sy 
speech VC syllables, /lb, Id, Ig/. If the 
earlier consonant-yowe| differences (Crow- 
der, 1971; e from the i 


Periment the Seven-syllable 


vowels ; 


experiment, 


Sonants occupy 


à these 
Positions, there Ought to 
Significant recency and 


CROWDER 
i f i auditory 
significant suffix effects with aud 
presentation. , 
«it aware tS 
Method. Insofar as possible the stimuli were c 


r + except {05 
parable to those used in the earlier oS the 
the change in Position of the stop 717 (which made 
change in vowel from /a to /1/. (w s casini 
synth of convincing terminal Senp rding O 
The Syllables were first generated ar Rule 
Mattingly's (1968) Speech yay uae msec AN 
routines! and then altered so as to be n ss suff eto 
length. The intelligibility of these sylla ae of the 
since it was not allowable to provide e: ") with- 
terminal stops (c.g., “ih-buh, ih-duh, na c Mat 
out making the VC syllables into V d Data 
tingly, Liberman, Syrdal, & Halwes, 1 
Presented below dese 
intelligibility 
the results of 


summer residence 
had responded to 


Versity campus bu 
description 
numerous e. 
then given 


as played alone (in haph 
ý n identifi 
and in the 

told sim 


the thre 


e 
1 
in groups varying in size fron able 
as a fixed list of 50 sevens), 
from a table of random nut 
ly the same stimuli which I ha 
earlier. (Crowder 1971a, Experiments I-IV) 


d 
the syllable ed for /ba/, /1d/ for e 
etc. T as divided into five ks the 
s. In the first, third, and fifth trial bloc vowed 
Seventh syllable in the Memory series was fo! the 
by a 1,100-Hz. tone. The Presentation rate in£ in 
series was two Syllables /s C, the tone occu jock 
i On the second and fourth fof 

spoken word “Zero” was substitute 


There w. 
series compo: 
these were exac 


bert 


d 


tf 
/\b/ substitut 
Ne session wa 


1 

Results. The Second panel of Figur | 

shows error rates as a function of i. 

Tately for the control (to of 

Conditions. Althoune 
apparent su 

Over 


Position Sepa 
and suffix 


Statistica] siene 


à roa 
€ and did not appt , 4a 
Wile 


d DY 

as measured as 

= 196.5 = 68 THUS 
26,5 = 68. ; 

" 2:1 f 
i PS, à recency effect wa nd 
amed with tern al stops under cO 
ae b 
* The author 


É 
i f Jam 
ine; appreciätes the assistance o! set 
^ Vütting in dey, | 


1 us 
loping the actual syllables 
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INITIAL VOICED TERMINAL 
FRICATIVES VOWELS 
/ ze, ve, ge/ /g? , ga, ga / 


ERROR PROBABILITY 


TONE CONTROL 
O—© VERBAL SUFFIX 


SERIAL POSITION 


Fic. 1. 


Error probability as a function of serial position. 


(In each panel a control condition [tone 


following last item] is compared with a verbal suffix condition [redundant word following last item]. The 


data plotted in the first and fourth 


panels are taken from Crowder, 1971a, for comparison with the 


Present data, which are shown in the second and third panels.) 


tions where a tone followed the last item. 
The measure of the Suffix effect used was 
the difference between suffix and control 
conditions on the last serial position. The 
the simol a Wilcoxon test again confirmed 
EI es ae results for initial and ter- 
significant ad Isonants; i.e., no statistically 
ion over ih vantage of the control condi- 
obtained T dee suffix condition was 
es , = 165, $ = .38. 

bem d a presented to show that the 

E regarding terminal stop conso- 


sistently scored below this level of errors. 
As it turned out there were 12 Ss in the 
poor-scoring group and 14 in the better- 
scoring group, and, as Table 1 shows, 
neither subgroup violated the conclusions 
reached on the basis of all the data. 
Though there appeared to be an overall 


TABLE 1 
s JoiNT FUNCTIONS OF 
AND SERIAL POSITION 

SUBGROUPS OF SS 


R PROBABILITY 


Erro 


nants was nol a function of the overall MEER 

task difficulty. The results of the 28-item i E m. Ilow | „Largest 

P s T pretest indicated it was qui te ponsson performance performance i 

l and the syllables even in urs i: DE 

Isolation; the median error rate was be- : E 

tween 9% and 10%. (However, practice Tone control 

Seemed to help and if intelligibility had = ~ 31 

been sampled later during the experiment 1 E 

Scores would probably have been higher.) A 4b 
he memory scores of many .Ss approached 1 62 

chance performance at the more difficult 5 E 

Serial positions. If an individual were deaf, f iid 

his Score on a block of 10 trials through _ 

Suessing alone would be, on the average, 

-67 X 10 (Trials) X 7 (Positions) 46.9, 25 

With a standard deviation of 3.9. It was 1 3i 

decided arbitrarily to isolate two subgroups $ E 

of the total N of 26: those who came within 4 $6 

the 5% confidence limit (a score of 40.5 5 58 

errors) of chance performance on any block H i 


of 10 trials as opposed to those who con- 
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(nonselective) effect of the suffix on Ss mr 
relatively poor scores this ee i 
cally significant (Wilcoxon 7 = * E 
Finally, in Table 1 a separate su bg oup 
of five Ss is shown; these peng A Il 
selected on the basis of having the larges 
"recency" effect in the control condition 
It could be argued that a suffix effect w d 
not found in the present study simply 
because there was no recency in the control 
condition fo be removed by the suffix. |f 
this were so, taking only those Ss who 
happened (by chance?) to have shown a 
recency-like advantage of the last position 
over the next-to-last would hav provided 
an opportunity to see the suffix effect at 
work. However, as Table 1 makes clear, 
these Ss revealed no suffix effect such as 
can be seen for vowels or in the second 
experiment to be reported below. 


Discussion. 


It is always dangerous to be 
left believing tl 


he null hypothesis be 
less an explicit single alternative is 
tertained one cannot as 
mate to its truth. 
tially more Ss were 
than are usually 
similar design. 


cause un- 


Not possible to 
r a reliable ag. 

sition or a reliable 
; even when Ss were divided into 
g subpopulations, 


at stop consonants ( 
s) differ from 


fix effects in 

The present 
hether the vowel 
Sonant or comes 
» the earlier findings on 


not be 
5 occupied by 


Classes of Speech 
artifact of the rel 
the to-be-ren: 


nembered information in the syl- 
lable. We can thus turn to m 
hypotheses for the y 


ore interesting 
owel-consonant difference, 
EXPERIMENT I 
The remaining po 
the Vowel-conson 
as Possibilities 2 
tions based on 


Ssibilities for expl 
ant difference are 
and 3 above, viz., ex 
transient 


n the 


aining 
listed 


through 


anisms in the domi. 


; e non- 
nant hemisphere and of vowels id p* ve 
dominant hemisphere. |t wou E is if all 
difficult to test between these HOO! es m 
consonants had transient acoustic "Es the | 
were also known to be lateralized a the 
dominant hemisphere (ie., shows For 
right-ear effect in dichotic aat 
tunately, there are classes o hese two 
particularly the fricatives, where ipie dis- 
characteristics of stop consonants ar m 
sociated. The fricatives are distingue 
by steady-state information, like nom 
but show a sizeable right-ear -— J 
like stop consonants when placed enin 
syllables with transitions to the ten 
vowel (Darwin, 1971). Untartuns a 
data relevant to the calegorical perceba 
outcome are not available for Dan 
fricatives. In other vocabularies, imul 
gorical perception tends to occur for ac, f 
leading to a right-ear effect but ne : 
those which do not, although ther É 
exceptions. In any case, these cons! og? 
tions argue for couching the presta pÊ 
in terms of laterality rather than in " o 
of categoricality, Thus, if vocabular! ec! 
ricative stimuli Produce a recency i fy 
and suffix effect in immediate me! inc 
then the transient vs, Steady-state dis n 
tion would be Supported in the vowel ud 
Sonant difference. If fricatives sh pel! 
Memory results like Stop consonant? gr 


. H H P 
the Special-processing (laterality) hy! 
esis would be 


supported, , 

a ; Hoe 
_ Method, The method in Experiment, P 
similar to that used in Experiment ] Y g 


, cO 
The stimulus vocabulary, 4 
Voiced fricatives /ve, The OM 
CV syll These were t thesi 
Same parameters and same Syd p 
Experiment. l of Darwin (1971) exe ire 
the length of 


E 
msec., the terminal aor ent 1 
Was removed, and the tota urat] 
Was then set at 300 msee, by adjusting the s exa 
of the Vowel sound, It was important to SE atk 
Darwin demonstrated 2 


A ic ide 
age for them in a dichotic 


y 
m 
xac" zo! 
their order were ne 
Study, except a / 
€ items /ve/ for /I Allow 
The Ss were 2 


Jeli 
mbol they chose for the /5 


he stim 


uli and 
Same as į 


mE 
LU corer. oe ansiti?! 
These Stimuli included formant trans 
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E and most Ss used it. 


ver, s was sugges 
l had also been partici- 


Sixteen Ss 
pants in Experiment I. 


Results. The main results are given in 
the third panel of Figure 1. It is an easy 
outcome to describe—there was a highly 
significant recency effect from the next-to- 
last to the last serial position, 7" = 
2 = 2.30, p = 01, and a highly significant 
Suffix effect, 7° 22.0, 2 = 2.38, P < .01, 
which Was specific to the last position. The 
Statistical reliability of these results is quite 
remarkable considering the moderately 
Small numerical differences and the fact 
that only 16 Ss were tested, rather than 
the 26 used in the first study.  Intelligi- 
bility of the syllables in isolation was con- 
Siderably better here than in the first study; 
only six Ss made any errors at all and only 
be E these made more than one error on 

e 28-item te This greater ease 
identification is quite E. ropes na : 
thing to do wi ` di "wi. Peregrini 
i eae eth the differential outcomes 
E qa ‘erate i and Il, however, since 
ON. i. Suffix effect was found, even 

“Xperiment I who found the task 
easy, and since perfor ?ositi a 
p od n eia ormance on Position 6 

8 es w 
Parable in the 


Ses 
3.5, 


às almost exactly com- 
Control condition. 

„Discussion. 
"fure 1 
are inc 


l'he first and fourth panels of 
i are from the earlier experiment and 
thar en purposes of comparison. Note 
a à he spoken word “zero” v the 
sinele on used in the present two studies, 
xà E. ables were used in the earlier two; 
^u ever, the tone control conditions were 
actly comparable.® 


The evidence in 


Figure 1 permits t con- 
clusion I he con 


ohh “he and consonants in the 
maint i d à irst panels gave contrasting results 
s m Van the vowels are distinguished on 
ilie ee si steady-state acoustic cues while 
jt em pid are distinguished on the basis 
feos eae n | ps transitions. One of the 
Vhich MUR will be to show that other sounds 
in aba not consonants, but which depend 
nd 7; ang transitions (such as perhaps /el, 
— / 41/), show results like stop consonants. 


og ; 
tudics eod erent suffixes were employed in these 
"eater diff aar npin be made of the apparently 
Onditions erence between experimental and control 

tons in the fourth panel (terminal vowels) 


han i ri BE 
"in the third panel (initial voiced fricatives). 


EXPERIMENT III 


The final study was intended to establish 
additional reliability and generality to the 
result obtained above with fricative stimuli; 
the justification for this effort is the con- 
siderable theoretical importance which 
has been attached to the outcome with 
fricatives. 

In the new experiment, some Ss were 
tested with fricative stimuli in which no 
terminal vowels were provided whereas 
the other Ss heard stimuli consisting of 
fricative-vowel syllables, much like those 
used in Experiment Il. The idea behind 
using these two versions of fricative items 
was twofold. First, one is always nervous 
about research with synthetic speech for 
fear the particular way sounds are realized 
on the computer might have more to do 
with the results than the properties of those 
sounds per se. Second, Darwin (1971) 
found important differences between the 
lateralization of fricative perception de- 
pending on whether terminal vowels (and 
their initial formant transitions) were 1n- 
cluded with the fricatives or not. In par- 
ticular, Darwin showed a right-ear advan- 
tage, in dichotic identification when frica- 
tives were followed by formant transitions 
and vowels (ie., with the stimulus items 
used in Experiment II of the present series), 
which was comparable in magnitude to the 
right-ear advantage shown by the same SS 
for sounds identified as /b, d, g/. However, 
when essentially the same fricative sounds 
were presented but without terminal vowels 
(and therefore also without transitions 
into these vowels), no right-ear advantage 
was obtained. 

The fact that fricative-vowel syllables 
are lateralized while isolated fricatives are 
not permits a converging test on the major 
point raised in Experiment II—whether the 
original (Crowder, 1971a) difference be- 
tween memory for vowels and stop con 
sonants is based on consonants being 
transient and vowels being steady state Or 
whether this difference is based on conso- 
nants being selectively processed in the 
dominant hemisphere and vowels not. 1f 
the laterality hypothesis were true then 
isolated fricatives should yield results more 
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6—0 TONE CONTROL 


O—O VERBAL SUFFIX 


ERROR PROBABILITY 


IM WESS 7 
SERIAL POSITION 


Fic. 2. Error probability as a function of serial 
Position for the combined fricatives in Experi- 
ment IIT. 


like vowels (Le., large recency and suffix 
effects) than fricatives with terminal-vowel 
environments. This is because in percep- 
tion, as noted in the previous Paragraph, 
isolated fricatives are also more like vowels 
(i.e., no lateralization) than are fricatives 
with vowels. 


Method. Thirty-two Ss 
used previously but naive 
experimental situation 
trials on which memory for seve 
tested. All Ss heard the same 
however, for 16 Ss all 
fricative stimuli 
contained fricatives wi 
/e/). For half 
stimulus series 
Experiment II) 
spoken word ' 


(from the sa 
to the particul 
under study) 


me source as 
ar type of 


ated 


55s all 60 tria 


ersed 
Xperimenta] 


comparisons 


design was a 2 
on the first fa r absence of vowels in 
the to-be-remembe and within- com- 
: uffix VS. control), 
based on those used by Darwin (orn 
tive-vowel items Were 295 msec, long, 
of friction, 30 msec, of forman 


fricative items wW 
the fricative-vowel Othe 
Experiment II were comparable to th 
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"sign extends 
ment II. In summary, the present de En SM 
that of the previous study by using fr beat MS 
both with and without formant transitionsa Mir. 
Ss working with one or the other uo ze bul 
fricatives, suffix and control observatio s 
taken in two balanced blocks of 30 trials. 


Results. The main result is given 
Figure 2, which shows performance a 
across the two types of fricative 1 t 
Although neither the recency effect a i 
control condition nor the effect o! a 
suffix on the last position seems quite 
large as in the third panel of Figure M 
pattern of findings is identical an ‘call 
outcomes are highly significant statisti AP 
for the recency effect, T = 103.0, z - 105. 
b = .01; for the suffix effect, T = 105 


3 = 2.2, p < 01. Ex 
Verifying the fricative results i) th 
periment Il was the main purpose Ot pi 
present study and, as Figure 2 shows, 
replication was successful. However im 
design also permits a comparison bet vitl 


$ P B " e M 
two versions of fricative items—thos cal 
terminal vowels 


e 
" IN! 
and those without. 


i 


thi 
that this comparison could bear on ha 
major theoretical issue at stake here i? rol 
isolated fricatives are dis 


tinguished el 
ables in lateralizet th 
1971); specifically y 
Should give stro ĝi 
Suffix effects than thea 
if the lateralization of s i 
an important dimension "à ve 
the original results for VO ia 
Consonants jn immediate 


fricative-vowel syll 
ception (Darwin, 
isolated fricatives 
recency and 
syllables 


FRICATIV| 


E + FORMANT 
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30 
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Fig. 3. 


on OF 
Fic Error probability asa function e 
Position for isolated fricatives and frica 
Syllables in Experiment IH 
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Shown separately in Figure 3 are the re- 
sults: for the fricatives with redundant 
terminal vowels and for those without 
vowels. Each panel is based on 16 inde- 
pendent Ss, serving 30 trials under each of 
the two conditions. To put it briefly, 
there is no suggestion either in the figure, 
Or in the statistical analyses associated 
with it, that the isolated fricatives produced 
larger recency or suffix effects than the 
fricatives which blended into redundant 
vowels. The apparently larger recency 
effect between Positions 6 and 7 in the 
fricative-vowel condition was not a statis- 
Ucally reliable interaction. 

Phere was quite a difference between the 
two types of stimuli in the initial 10-item 
intelligibility test: Four of 16 Ss in the 
fricative-vowel group made more than one 
error whereas 11 of 16 in the fricative-alone 
Sroup made more than one error, X! = 
143.04, ; = 11.9, p < .01. This advantage 
of the CV syllables over the isolated fric- 
son is difficult to reconcile with the sub- 
Finca) advantage the latter had over the 
T fe tig first few serial positions of 
Jérhaps E , experiment (see Figure 3). 
Sion miles UE fricatives in close succes- 
Verting <i: Saaebatination easier by con- 
task. a solute toa relative judgment 
especially veil context effect would work 
successiva hes when no vowels separate 

atives, 
Mus uu. die pile ns es larger oe 
tho a ace = s with isolated fricatives 
Bier.) ss d ^ NO context is not 
eestor. RUE the hypothesis that other 
EI is z ~~ voiced stops, fail to show 
eee cog they are processed in the 
tenet theres 1emisphere. It could be 
by ee oigo eR of lateralization found 
idk ann *. 7 ) to differentiate fricatives 
rather ohe nns Pea OTIS to vowels was 
iuvari g ; Ag wey er, he found the right-ear 
Sis = vl or stop consonants to be similarly 
E nul de Phe fact that stop conso- 
viec ricatives with terminal vowels are 
Shhers T Er an advantage in the left hemi- 
Sei roel ie that vowels and isolated fricatives 
live bros in light of this experiment, to 
Eteone to do with the failure of stop 
suffi, Bonet reveal significant recency and 
sin immediate memory. 


MEMORY FOR FRICATIVES: COMMENT 


There is no doubt that by the conventional 
rules of evidence in psychology fricatives in- 
deed show performance patterns theoretically 
attributed to PAS. As argued above, that in 
turn suggests that such patterns are independ- 
ent of the peculiar manner in which some 
speech sounds are processed perceptually (cate- 
gorically, in the dominant hemisphere). Still, 
the Liberman et al. (1972) argument—that 
speech sounds failing to show PAS are the same 
sounds which are stripped of their acoustic 
correlates very early in the course of categorical 
perception—has tremendous allure logically. 
The perception of stop consonants defies such 
everyday psychophysical laws as the superi- 
ority of relative over absolute judgments. 
That is, with categorically perceived stop 
consonants Ss cannot hear differences in 
acoustic stimuli unless those differences are 
commonly denoted by different names (Pisoni, 
1071, gives some of the most recent and 
strongest evidence for this striking result). 
Assuming a continuity between experiments 
on the perception of speech and experiments 
on the immediate retention of those same 
sounds, it would have been paradoxical if stops 
had shown evidence for PAS. If stops had 
enjoyed a precategorical code in memory why 
wouldn't the same code be available in per- 
ception experiments where sometimes the only 
task is to decide whether two successive sounds 
are identical. That is, if the functional equiva- 
lent of an echo is available in memory for the 
most recently presented item (essentially the 
claim made by PAS theory) then why shouldn't 
the same echo be effective in improving same- 
different scores beyond predictions based on 
assignment of names to the sounds. 

But granted the important similarities be- 
tween fricatives and stops (similar right-ear 
advantage, for example) we are left with 
exactly the paradox described, evidence for 
unclassified acoustic information in the memory 
paradigm but not in the perception paradigm 


i icati ived c ri- 
(provided fricatives are perceived catego 
lusions 


cally). For these reasons the conci A 
3 i : n 
reached on the basis of Experiments I a 
closest scrutiny. 
III deserve close: j ite 


There might be dangers related to © 
Several people !n- 


particular stimuli used. hd 
volved in the fricative studies noted tha Sr 
» sie ivj 

the three voiced fricatives used, / and / 
': indeed 


seemed decidedly more voiced than / 5 M 
the latter could be heard as /$/. The e 
could not be altered to correct thi. Ei 


gi v4 
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without destroying the critical logic UE 
the experiments in the first Ped Macs 
exactly the same stimuli for wW om ey 
(1971) had showed lateralized speec 1 per s 
tion. However, if 5s had been perceiving the 
voicing difference as we had, then the possi- 
bility existed that the recency and su ffix effects 
were not based on fricative distinctions per se 
but rather on a voicing distinction. : í 
To test this possibility the 22 stimuli from 
the entire set of 60 used in Experiment III 
were selected in which the last two positions 
included only /z/ and /v/ and the results 
were tabulated for this subset of the experi- 
mental data. Since the voicing distinction of 
which there is suspicion does not assist in 
making the /z/—/v/ discrimination it is im- 
portant to know whether these stimuli 
results comparable to those of Figures 2 and 3. 
The answer is that they do: Correct recall 
probabilities in the control condition for Ss 
Who received fricatives alone combined with 
those who received fricatives accompanied by 
Serial position were :23, .31, .37, .42 44, .50, 
and .44 for the seven positions, respectiy aly; 
and in the suffix condition, .20, .29, 34, 41, 
:44, .51, and 48, respectively, 
condition the last- 
Statistically signifi 


p = 02 


yield 


For the control 
position recency effect was 
cant, T = 136.5, z = 1.97, 
In terms of absolute error fre- 
quencies, the suffix effect y 


juen yas not statistically 
significanton the] 163.5, 
z = 90. Howev ere lower 
absolutely i al positions for the 


control condition. 
Proportion of 


(see Crowder, 1971b) 
Suffix caused 
tion in relatiy 
DASS. T 
stimuli w 


i With this me. 
a Statistically significant reduc- 
€ recency, T = 168.0, ; — 1.90, 
hus, restricting our attention to 
s here no apparent voicing cue existed 
in the last two 

pattern of resu 


Positions diq 
Its, though bott 
of the recency eff, 
were slightly req 


Although the r 
here with fricati 
they were sm 
them, 


asure, the 


ecency a 


not yet avai 
defense that 
smaller here than with oth 
a glance at any of the 
suffix effects certainly Sugge 
action. One strateg 
different vocabu] 


were 
aries, Dut 
rature on 


er vocabu] 
Previous lite 


an inter- 


to sample 


ves, including 


real-speech examples as well as A 
in an effort to show that the more pe A. 
effects usually obtained can occur xit A. 
tives as wel. However, such an err i 
places the logical structure of the wb. 
doubt for the reason mentioned above 
stimuli used have to be exactly the same K 
for which laterality effects are shown to on 
in perception experiments. One brio E. 
tion is a program of parallel. research wi 
ception and memory involving numerous m. 
ent vocabularies. [t is to be hoped that M. 
experimental effects in such studies will sul 

the inferences being drawn here. 


f 
Research in this area would be considerat 
easier if special mechanisms of speech. p 
essing such as the right-ear ed. b. 
inevitably as ociated with stimuli ara 
affected by the task in Which such stimu! y 
used. Unfortunately this is not strictly A 
case with some types of stimuli. Harg 
(1971) in particular has shown how. ate 
discriminations show varying degrees of i: I 
ality depending on the situational contes he 
has been shown (Pisoni, 1971), to cite anor 
example, that sim 


; ten 

ply shortening vowels jon 
to lead to in 
The fact th 
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asingly categorical perc je t 
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: imme 
as are studies of im 


some caution in moy 


ception experiments 
memory, 


a 
s 
fects 
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huge difference between experimental € 
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present investigation, the results st 
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s istin 1 i. 
Statistical], reliable and no fena 
present Investigation is known to rec ] 
lateraliz, 
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the Conclusion 
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GENERAL Discussion ji 
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however, to note that once again the presence 
and absence of recency and the presence and 
absence of the suffix effect are found to be 
perfectly correlated across vocabularies. In 
Table 2 the three main forms of data on 
which the PAS model rests (the modality, 
recency, and suffix effects) are displayed as 
a function of stimuli which have been in- 
vestigated so far. Although not all cells of 
the matrix have as yet been filled with data, 
there are no exceptions to the rule that the 
putative symptoms of PAS appear together 
or not at all. 

In terms of the PAS viewpoint it is tempting 
to conclude that PAS “holds” steady-state 
acoustic stimuli but not transient acoustic 
stimuli. As well as being premature in light 
of the small number of vocabularies so far in- 
vestigated, this conclusion leads easily to the 
fallacious premise that transient speech sounds 
Progress directly into a verbal short-term 
memory with no representation in a sensory 
memory. This must be false, for sensory 
Storage is a logical necessity precisely for signals 
which are dynamic—otherwise, unless some 
representation of time ¢ is still available at 
time E + Al, the change itself could not be 
hag Sensory memory is thus a pre- 
analysis p^ any cues depending on frequency 
a such, "s owever; the time orders involved 
— "age are of a different order of 
(Crow is than those postulated for PAS 
Roos 1b); cues for items such as stop 

Sonants consist of sweeps lasting only a few 
dozen milliseconds. Whether PAS is con- 
tinuous with such sensory storage, as is re- 
quired for frequency analysis and for detection 
of transient signals, or whether it is a level 
removed from such fleeting storage is an issue 
Temaining to be decided. It is relevant that 
other investigators have demonstrated sensory 
Storage, with different properties from PAS, 
Which is limited to the order of very short 
Persistence required for these functions (e.g., 
Massaro, 1970). In any case, rather than 
Conclude that PAS holds steady-state but not 
transient speech sounds, the more conservative 
Conclusion is that it holds the former for 
longer time periods. This is not surprising— 
there are types of persistent afterimages in 
vision which depend upon the inspection figure 

eng "burnt in" by relatively prolonged 
Steady-state stimulation (Woodworth, 1938, 
p. 560). 


TABLE 2 


EVIDENCE FAVORING PRECATEGORICAL ACOUSTIC 
STORAGE (PAS) ron DIFFERENT 


SPEECH VOCABULARIES 
Evidence of PAS 
Stimulus vocabulary Auditory anew | Suffix 
advantage RERUM effect 
over Edu EGER 
visual [auditory | position 
Real speech 
Full alphanumeric* + He zs 
Initial stop consonants” — - no data 
Terminal vowels? = + no data 
Synthetic speech 
Full alphanumeric* no data ar ar 
Initial stop consonants^ | no data = = 
Terminal stop 
consonants no data = = 
"Terminal vowels? no data t zi 
Initial fricatives? no data F T 


Note. Symbols: (+) = data favoring PAS; (—) = data not 
favoring PAS. 

a Crowder and Morton (1969). 

b Crowder (197 1a). 

e Crowder (1971b). 

d Present article. 
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BSTRACT AND CONCRETE PHRASES IN FALSE RECOGNITION ! 
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Yeshiva University 


Adjective-noun phras 
bearing 
auditorily to Ss 
before on the lis 


Lor was new. 


(termed preceding [P] phrases), followed by phrases 
'"nonymous (5) and antonymous (A) relations to them, were presented 
They evaluated each phrase as to whether it had appeared 
All the P, S 


id A phrases were new so that 


all err sntatlod falencran Bn d 
deem ae hes false recognition. More errors were made to the S phrases 
un to the A phrases. Since this result was obtained for both concrete and 


abstract material, it 
Image-evoking messa 
rather than lingui 


ic form. 


taken to mean that verbal mess: 
zes, are coded primarily 
The S >A ef 


es in general, not just 
by reference to their content 
ct was, however, weaker for 


(ru phrases than for concrete phrases. This was attributed to the relative 
"s Tee of abstract phrases. An independent experiment has demon- 
strated a strong S > A effect for relatively distinct abstract phrases. 


lt has 


abstrac been suggested recently that 


in age material is coded differently 
Bower 1970- an concrete material (e.g., 
the wo cod : l'aivio, 1969). According to 
Material ty AMORIS hypothe s, concrete 
Code, while vanstormed into an imagery 
a code sion stract material is retained in 
Was prese r to the verbal form in which it 
Provides ented. The present research 
eS evidence for an alternative hy- 
Which claims that all verbal 
IS coded similarly, for referential 
Pew rtr titus differences between 
in istinctnezs Strat material to differences 
™Magibility, ss rather than to differences in 
h : : 

e &xe vod iing Systems hypothesis can 
Ment ME i by reference to an experi- 
Compared 3ege and Paivio (1969) which 
Stract ar pine recognition memory of ab- 
Dresen tac Concrete sentences. After initial 
r C ao ia sentences, semantic 
hem and x è ere introduced in some 

T each lien H were required to indicate 
e} banged = whether it was identical 
anges Pere ley found that the semantic 

e more readily noticed in the 

ntences than the abstract 


nibs 


= in 
ie arch was s T = 
Versis ion: Grant anaes by National Science 
"ofa ‘are -21280, and is an expanded 
ber presented at the meeting of the 


Dey, 
Sycl rici us 
2 ological Association, Boston, April 


R 


Edie; 
Ja ts for reprint 
" partment 
+» New York 

] 


s should be sent to Moshe 
of Psychology, Yeshiva 
New York 10003. 


te 
p 


sentences, and that there was an opposite 
trend for the lexical changes. Begg and 
Paivio interpreted the results in terms of 
different modes of coding for abstract and 
concrete material. Concrete sentences, 
they argued, were transformed into an 
imaginal code consisting of a unitized image 
for each sentence, whereas abstract sen- 
tences were retained in terms of the individ- 
ual words composing them. Bower (1970, 
p. 508) offered a related interpretation for 
Gorman's (1961) finding that concrete 
nouns were more accurately recognized 
than abstract nouns. 

An alternative to the two coding systems 
hypothesis to account for differences be- 
tween abstract and concrete material in 
recognition memory arises from a study by 
Anisfeld (1970). That experiment used a 
false recognition technique for inferring 
underlying memorial representation. In 
this technique, Ss are presented with a 
continuous list of items and for each item 
they have to indicate whether it appeared 
before on the list or was new. d 
recognition error is one involving inue 
response to a new re C anit Sere to 
Ss made more false [CE OPE REAR DOOR) 
adjective-noun phrases (E ly presented 
synonymous with previ p- tony mous 
7 -x pooR) than to al 
phrases (BACK 


act, the 
phrases (FRONT poor). ln a ki i 
à nber of errors to the antonymous para S 
numbe Y 


lid not differ from the number of errors to 
did r 


lated control phrases. This finding 
€ nse if one assumes that the 
s SC 


make 
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TABLE 1 


MEAN IMAGERY AND FREQUENCY RATINGS 
"AND FALSE RECOGNITION Scores F 
/— PHRASES IN EXPERIMENT | 


Rating False. 
recognition 
Phrase pees 
Imagery Frequency 

Abstract 

5 39 

2.21 6.57 s; 

$ 2.26 6.62 1.29 

A 2.31 6.61 1.02 
Concrete 

P 4.26 647 | z 

S 4.27 6.49 1.49 

A 4.22 6.54 .82 


Note. Each set of phrases contained a preceding phrase (P), a 
Synonymous phrase (S), and an antonymous phrase (A). ‘All 
means are per 5 per phrase, 


phrases were not retained in the verbal 
form in which they were presented but 
rather were recoded in terms of their 
meaning. The referents of synonymous 
phrases are more similar, and hence more 
likely to be confused with one another, 
than the referents of antonymous phrases, 
The finding of no false recognition effect 
for antonymous phrases contrasted with the 
effect obtained for antonymous words in 
the same study as well as in other studies. 
It was proposed (Anisfeld, 1970) that the 
referential mode of coding was more 
dominant for phrases than for words 
because phrases have More definite and 
determinate referents than words. 

The interpretation offered to explain the 
difference in recognition Memory between 
words and phrases can be extended to 
abstract and Concrete items, because ab- 


Stract items tend to have less definite 
denotations than Concrete items (e. 
Martin, 1969). Their; 
render abstract 
concrete words, 
There is anothe 
to the relative i; 
words. Abstract 
important con 
bedded 


emotive 


r factor that contributes 
ndistinctness of abstract 

words tend to label 
: Cepts which are deeply em. 
in the individual's Cognitive and 
] Systems and closely interrelated 
with other concepts, One reflection of this 


involvement and interrelatedness u^ 
ported by Paivio and Begg (1971). We 
found that the average score for eee 
words on a scale of associative E) r 
ness was almost double the score E. 
concrete words. However, eive 
and relatedness are not inseparable se 
of abstractness, and many abstract words 
are no more conceptually involved than 
concrete words. 


In addition to its difficulty in evolingg 
images, abstract material is thus T 
ized by two other qualities, which can A 
viewed as two aspects of relative indistinc | 
ness: indefiniteness of denotation e 
higher interrelatedness with other concep E 
The difference in recognition-memory E 
sults between abstract and concrete mai 
ial has been attributed to the difference a 
imagery. But this difference can be Me. 
parsimoniously accounted for in termo 
the distinctness factor, since this fac 4 
would also account for differences in rect 
nition memory between frequent and a 
frequent words (e.g., Schulman, 1 " 
Distinctness has, in fact, been mentio! 
by several authors as à possible explana, ; 
for the frequency effect (e.g., Paivio, 1 


a zle 
Schulman, 1967). Wickens and ps 
(1970) have introduced evidence in fa 
of the distinctness h 


A otel 
ypothesis in the Pe 
son and Peterson (1959) STM task. 


t 
tp e5 
he present research attempted to i f. 
the distinctness hy 


pothesis in the case 
recognition memory, The first experime 
simply compared the false recognition " 
group of undifferentiated abstract phr?^y 
with a &roup of concrete phrases, using n É 
ceding, Synonymous, and antonym i^ 
Phrases as in the Anisfeld (1970) erc 
ment describeg above. The second exP ol 


ment compared the false recognition ai 
relatively indistinct abstract phrases V 4 
the f 


alse recognition of relatively disting 
abstract Phrases, Jf differences bety d 
abstract ang Concrete material in recti i 
tion memory are due to distinctness: ? h 
hypothesizeq here, then the results fof 

indistinct abstract Phrases in the SCC 


"XDer; $ 
experiment should duplicate the result wis 
tained in the first experiment for a 
illerentiateq (typical) abstract ph 
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pereas the results for the distinct abstract 
reus should be more like the results for 

: oncrete phrases in the first experiment. 
QU epa the present research is 
Acceda the proposition that all verbal 
Ed plumis e concrete messages, are 
E narily for their meaning. The 
liga index used here for semantic 
gps langer number of false recogni- 
n] to phrases synonymous with 
ima e qne than to antonym- 
x dios T us research further attempts 
E et to té extent that there are 
use E a recognition memory between 
A s d concrete phrases they are due 
fuir DM in denotative distinctness 

an to differences in imagibility. 


Expr airs 
Method XPERIMENT I 


Subjects 
of ead dh "i 78 Ss were used in the preparation 
half of the mu in the experiment proper. About 
Were paid EA re male and half were female. They 
being ndis ets who met the requirements of 
and being n ou; having had some college education, 
lle Beis English speakers. Twenty rated 
enina n imagery, 20 S ed them on relative 
Mtelligibility prada 4. s checked the auditory 
emale) à T the material, and 34 Ss (22 male, 
Proper, 90& part, individually, in the experiment 
Mater; 
p ipu e reus procedure. ‘Twenty-four sets of 
a © constructed for the abstract category 


and 24 

a Remeras Fen cee GNERBOLYS Each set con tained 
and an ae p irase (b), ionymous phrase (S), 
that there onymous phrase (A). Care was taken 
EN re would be no overlap between the concepts 


nted by h 
lis e by the various sets of phrases. 
Presented (ro, Pool of phrases was randomized and 
iMagery.oy 4 20 Ss in written form for rating on an 


scale. 


“point eee Vet scale was used instead of their 
.,, Magery ratings were used to classify 

ütings tin abstract and concrete because these 
teng to has z overlap with concreteness ratings and 
Another € better predictive power (Paivio, 1968). 
group of 20 Ss rated the phrases, again 


Writte, 

4 en 

P equeney, pem. on a 10-point scale of relative 
(Ver. occurrence. The scale ran from 1 


Y Infre 
Were ing SEM to 10 (Very Frequent). The Ss 
hey To ed their ratings on how fre- 
v. 1e phrases appeared in everyday 
ing and conversation, ppeared in everyday 
Ne image š : 
iii " 10 be and frequency information 
in uses Were wel Sstfact and 10 concrete sets of 
Cluded One P ected for the experiment. Each set 
> one S, and one A phrase. Table 1 


presents the mean imagery and frequency values for 
the abstract and concrete P, S, and A phrases. As 
can be seen in the table, the three subgroups within 
the abstract category and within the concrete 
category were closely matched on imagery and all 
six subgroups were matched on frequency. A 
sample abstract set is: IMMEDIATE RESPONSE (P), 
PROMPT RESPO) (S), DELAYED RESPONSE (A). 
A sample concrete set LTHY SHIRT (P), DIRTY 
SHIRT (S), CLEAN SHIRT (A). The intelligibility 
of the phrases was checked by recording them on 
tape and having four Ss transcribe them. All of 
the phrases used in the experiment were accurately 


reported. 

In addition to the experimental phrases described, 
48 filler phrases, 24 abstract and 24 concrete, were 
also used. Within each category, 4 filler phrases 
appeared once, 10 twice, and 10 three times. There 
E 1 total of 148 phrases. They were recorded on 
magnetic tape at the rate of 1 phrase every 5 sec. 

"The first 20 positions on the tape were occupied by 
filler phrases. Otherwise, the abstract and concrete 
P phrases were spread randomly throughout the list. 
Each P pl s followed within 20-40 positions 
by a related phrase (S or A), with a mean separation 
of 31.4 position Two different test lists were 
prepared so that each S would receive all P phrases, 
but only one related phrase from each set. Each S 
received 10 S phrases (5 abstr: nd 5 concrete) 
and 10 A phrases (5 abstract and 5 concrete). The 
positions occupied by A phrases in one list were 
occupied by S phrases in the other list, and vice 


ase w 


versa. 
The Ss were told that they would hear a list of 


two-word phrases and that for each phrase they 
were to decide whether or not they had heard it 
earlier on the list. They were to rate as 1 phrases 
they judged to be “definitely new," as 2 phrases 
that they thought were ‘probably new," as 3 
phrases that were "probably old," and as 4 phrases 
they judged to be "definitely old." 


Results and Discussion 


The responses were scored in terms of the 
number of points by which the number 
given by S to the P, S, and A phrases 
deviated from 1, the correct response for 
all of these phrases. The mean de 
scores for the P, S, and A phrases can be 
in Table 1. Since they were not 
any specifically built-in relay 
tions, the error rate to the P pere y E: 
but it was higher for the abstrac 
category than for the i pec 
1 (83) = 12.1, p < 001. e. 
that errors are made to the Pp ne : hey 

st be due to relations with other phrases 
in e list or with material outside the list, 
der "relations not manipulated in the 
i.e., E 


seen 
preceded by 


quite low, 


28 


M n eet fata 
stract phrases are more li y ^» 
of experimentally unspecified eds 
while the concrete phrases, having DEN 
identity and closure, are less like sd 
trigger other extraexperimental concepts. 
'To compare the false recognition oe 
for S and A concrete phrases with those = 
S and A abstract phrases, à 2X: UK, 2 
analysis of variance (List X Abstractnesa- 
Concreteness X Synonymy-Antonymy) 
was carried out. It showed no significant 
effect for list or abstractness-concreteness, 
but the main effect for Synonymy-anto- 
nymy was clearly significant, F (1,32) = 
43.6, p < .01. That is, the error rate for 
the S phrases was higher than for the A 
phrases. None of the interactions was 
significant. But a test for simple main 
effects showed that the difference between 
S and A phrases within the concrete 
category was highly significant, F (1, 32) 
= 12.5, p < .01, whereas the difference 
within the abstract Category was not, 
HU, 32) = 2.0, although it was in the 
same direction. 
The main effect showing a higher error 
rate for the S than for the A phrases, and 
its failure to interact with al 
concreteness, indicates th 
stract and concrete phr 
similarly, mainly in terms of their semantic 
content. The weakness of the S > À effect 
for the abstract category may be attributed 
to the greater role played in this category 
by extraexperimental relations (as indicated 
by the higher number of errors for the 
abstract P phrases than for the concrete P 
phrases), leading to a reduction of the 
influence of the P relation on the abstract 
S and A phrases. In other words, the 
abstract S and A phrases, because of their 
greater indistinctness and diffuseness, 
assumed to have been less tied th 
concrete S and A phrases to their P mates 
and more tied to other concepts in S's 
background. Since the difference in results 
between S and A is predicated on their 
different relations to P, any diminution of 
the influence of P would reduce the 
difference between them. If this interpre- 
tation is valid, then a reduction of the 


ostractness- 
at both the ab- 
ases were coded 


are 
an the 
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extraexperimental error component should 
enhance the S > A effect. Since the are 
extraexperimental component for pe 
phrases was attributed to their ra 
indistinctness, an attempt was made in the 
second experiment to raise the distinctness 
of abstract phrases. 

Distinctness of phrases in the second ex- 
periment was manipulated via a sie, 
of personal relevancy. Two groups O 
phrases were selected: One group was 
rated more personally relevant (MR) and 
the other less relevant or of little personal 
significance (LR). This variable is based 
on the idea that in memorial coding new 
messages are assimilated into and integrated 
with the individual's personal schemata 
(Bartlett, 1932). On this assumption, one 
might expect that the MR phrases will be 
readily assimilated into Ss' personal sche- 
mata and later, in a memory test, it will 
be relatively difficult to disentangle them 
from the conceptual framework into which 
they were assimilated. The LR phrases, 
on the other hand, are not expected to find 
à ready place in Ss’ personal schemata an 
hence are more likely to be retained in à 


form more directly reflecting their uniquely 
distinct characteristics, 


EXPERIMENT II 
Method 


Subjects. 


In all, 114 Ss, about half male and half 
female, were 


used in this experiment. They met 
the same general qualifications as Ss in the previous 
experiment. Of the 114, 40 Ss rated the phrase? 
for personal relevancy, 40 rated them for imagery’ 
and 34 (17 male, 17 female) took part in the exper!” 
ment proper. The Ss who rated the phrases were 


tested in large groups and the Ss who participated 
in the experiment 


: Proper were tested in groups of 17 
and paid for their Services, 

Materials and Procedure, 
of phrases was arbitrarily 
the two halves was recorded on tape at the rate 9 
> Sec. per phr Two other tapes, using the sama 
words in reverse order, were Fog 
tapes were thus used for the 
on the tapes was rate 
20 different Ss on 
ratings, the same 5- 
used as in 
scale al 


An initial pool of 94 sen 
divided in half, Each 


For the 
t scale and instructions sr: 
Xperiment, The releven d 
: l denoting very low releva! t 
y high relevancy, In the instruction 
relevancy scale Ss were asked to assig! 
number to each phrase on the of the 


D 


stent 
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to whic si 
Pete idea hada personal meaning or reference 
In view 
marie’ Ed ae personal character of the relevancy 
Pleva eae dürbdrtanE to check whether the 
TE inten obtained from one group of Ss 
the mean rej due S ONIS group. For this purpose, 
e (4 arque. values given each of the 282 
E the Sa 4f gud AE 3 phrases in each set) by half 
Duties Lee poursiated with those given them 
Coefficient a à m. Tespectable split-half reliability 
justifying de. obtained, r (281) — .64, P <.001, 
in the unc. employment of the relevancy rating 
recognition wae for use in the false 
Sri e 
Men Des sets, 20 sets of abstract phrases were 
(LR), The Fe relevant (MR) and 10 less relevant 
the P, s iara relevancy and imagery values for 
in Table M M R and LR phrases are presented 
A heas on. be seen in the table, the P, S, 
categories see within the MR and within the LR 
all six SUD closely matched on relevancy, and 
sample ME LE equated on imagery. A 
JECTIVE aes 15: PERSONAL APPROACH (P), SUB- 
A sample Li ACH (S), OBJECTIVE APPROACH (A). 
RETARDED es set 1S} ARRESTED DEVELOPMENT (P), 
UR "VELOPMENT (S), PRECOCIOUS DEVELOP- 


Two ( 
Zach (oe are Were prepared for the experiment. 
phrases SLE Paria of all 20 P phrases, 5 LR S 
A phrases 2 i phra s, 5 MR S phrases, and 5 MR 
and LR pan he 5 S and 5 A phrases for the MR 
ategories were randomly selected for the 
with the restriction that no 2 phrases 
Tape 1 pL same set. Tape 2 was identical to 
pike 2 had Pe that where Tape 1 had an S phrase, 
Tape 1 had ar s comesponding A phrase, and where 
1 àn À phrase, Tape 2 had its correspond- 


22 MR and 22 LR, 
re Du orig al pool, with care taken 
no relationship between any of the 

O stab experimental (P, S, or A) phrases. 
fillers EE à set for repetitiveness, 11 a lle MR 
and the ou of the LR fillers were presented twice, 
s vener 11 in each category were presented 
Phrases: 40 Thus, each tape consisted of 150 
CI experimental phrases (20 P phrases, 10 S 

É phrases Eds phrases) and 110 filler phrases. 
y 5 € recorded at the rate of 1 phrase 


Set 


“he first 2 i 

iller piss anions on each tape were occupied 

throupt he P phrases were randomly 
Phrase rel; ghout the rest of the list. The S 
2 ated to each P phrase was randomly 


Se ` * position 2 T 
Paration w on 20-40 spaces away. The mean 


3 Half of th eee spaces, 
Rae Ss wo (17) received Tape 1 and half Tape 
(ater [9] (Bd. e instructed to rate each phrase as 
ui i not Pared before on the tape) or ? 
Certain, thay, appear before on the tape). If 
Scala s "This et to give the most probable 
in contrast ep thus used a dichotomous 
ved a 4.50; © the first experiment which 
point scale. It has been estimated 


TABLE 2 


MEAN RELEVANCY AND IMAGERY RATINGS 
AND FALSE RECOGNITION SCORES FOR 
PHRASES IN EXPERIMENT IT 


. Rating False 
Phrase recognition 
score 
Relevancy Imagery 
More relevant 
P 3.58 2.84 A3 
S 3.56 2.85 ES 
A 3.43 2.81 32 
Less relevant 
p 2.50 2.85 04 
S 2.46 2.87 36 
A 2.43 2.84 19 


Note.Each set of phrases contained a preceding phrase (P), 
a synonymous phrase (S), and an antonymous phrase (A). All 
re per S per phrase. 


that the 4-point scale is only marginally more 
sensitive than the dichotomous scale (Anisfeld, 


1970). 


Results and Discussion 


For all experimental phrases (P, S, and 
A) the correct response was N. Each O 
response to these items constituted one 
false recognition error. Table 2 shows the 
mean false recognition values for the six 
subcategories of phrases. Statistical com- 
parison shows that the error rate to the P 
phrases was significantly lower in the LR 
category than in the MR category, / (33) 
= 3.1, p < .01. The minimal error rate 
to the LR P phrases reflects, according to 
the present interpretation, the low influence 
of extraexperimental relations on the dis- 
tinct phrases of this category. : 

A2 X 2 X 2analysis of variance (List X 


Relevancy XSynonymy-An tonymy) shows 
no significant difference between the pu 
tapes, a significantly higher error rate for 
the S phrases than for the A piara 
R(1,32) 42.8, p < .01, and for the ES 
hrases than for the LR phrases, F (t 32) 
E 6:6, p « 05. There was mo significant 
itera betw > two of the three 
int tion between any two of 1 

ae for simple main effects 


factors. A test 
shows that the difference between S and A 


was highly significant for the LR 
d F (1, 32) = 13.8, p < .01, but 


30 


was not significant for the MR category, 
F (1, 32) — 3.5, although it was in the 
same direction. ‘ 
This pattern of results for the comparison 
between abstract MR and LR phrases 
shows a parallel with the results of the first 
experiment comparing undifferentiated ab- 
stract phrases with concrete phrases. The 
MR category behaved like the abstract 
category and the LR category behaved like 
the concrete category. More false recogni- 
tion errors were made to MR and abstract 
P phrases than to LR and concrete P phrases, 
respectively; and the S > A effect was 
weaker for the MR and abstract phrases 
than for the LR and concrete phrases, 
respectively. MR phrases are less distinct 
than LR phrases in the sense that they 
are more likely to become assimilated into 
Ss' overall cognitive structures and thus 
lose, in part, their individual identities. 
Abstract phrases are more indistinct than 
concrete phrases because their denotations 
are less clearly defined and circumscribed. 
In both experiments, the less distinct 
phrases attracted more experimentally 
| specified sources of error, reduc 
|. S2 A effect. Also, to the extent that 
| indistinct P phrases do not retain 
.. specific referential identities in memory, 
their "pull" on the S and A phrases is 
likely to diminish. The argument thus is 
that the indistinct S and A phrases, in 
comparison to the distinct phrases, were 
more influenced by extraexperimental rela- 
tions and less by the P relations, 


un- 
ing the 


their 


CONCLUSION 

In conclusion, the present 
indicated that lexical coding is no more 
indigenous to abstract material than to 

| concrete material; both are coded primarily 
| for referential meaning. Differences in recogni- 
l tion memory between concrete and abstract 
i items can be more parsimoniously attributed to 


research has 
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differences in distinctness than to differences 
in imagibility. It was proposed that distinct 
items in general (not just concrete items) 
attracted fewer false recognition errors beca je 
they did not become fully assimilated into, 
cognitive schemata and retained their original 
identities. In contrast, indistinct items became 
more fully integrated into S'sschemataand were 


therefore more readily confused with other 
items in the system. 
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The major concerns i 
Hae rane ROUEN present experiment were to determine whether or 
E E sca Goa A T into components in the course of making a 
memory. Three cate 2 gs so, what role the components have in addressing 
a iate homie material were used : consonant-consonant-vowel- 
aneen arde pcr (CCVCCs), consonant-consonant-vowel-con- 
Kent conim ine peck and consonant-consonant-consonant-con- 
Mete mite Eros S fit Cs). Initial and terminal consonant pairs 
CRIES. tenores = Saag of material, e.g., CRUSS, CROSS, and 
infidlund matia z ies the frequency of occurrence in the language of the 
of tie aena - A sonant pairs was varied. The frequency of occurrence 
Pored Mi "is i j d was always zero. An analysis hypothesis was sup- 
latency vas eA m ot: the categories CCVCC and CCCCC decision 
EXE EAT [pen to component frequency. Across the categories the 
CCVCCs. The intera y was for CCCCCs, followed by WORDs and then 
ORE UE TF re ation of these and other results was that information 
and thai ihe à e ^ airs i. used to address a subset of memory representations 
size of the subset is related to the frequency of occurrence of the 


ALYSIS n SN: ET 
YSIS OF LETTER STRINGS IN WORD RECOGNITION ' 


consonant pa irs. 


OM 
ach, eo ment by Stanners, For- 
With the reae (1971) was concerned 
String wd of information in a letter 
either to ie affects the time required 
Member, accept or reject it as a vocabulary 


Presented eee materials were visually 

consonant hree-letter items which were 
n -VOW 

vowel-consonant words, phono- 


OBically |. 
lette Y lawful nonwords (CVCs), or three- 


S v 


The results were com- 
à type of recognition process 
item is phonologically edited 
" rejected at this stage of 
P onological] lf the item is found to be 
les a ally lawful, a search process en- 
kh ic he subset of memory the size 

spins by the frequency of 
the language of the initial 
OE dh consonants. However, a 
ete iid frequency of the CVCs as 

its in the norms of Mayzner 


€rminal 


1 
Th 

Brant  Tesear 

» arch wa artially 

Poun om the Okla is partially supported by a 

3 A $ ion. oma State University Research 

tan Uests f, " 

Se ners, i reprints should be sent to Robert F. 
niversity Sent of Psychology, Oklahoma 

» Stillwater, Oklahoma 74074. 


and Tresselt (1965) gave rise to another 
possible interpretation. The frequency of 
the CVCs as units, ie, as portions of 
words, was found to be positively related to 
classification latency. Thus, there isa pos- 
sibility that the individual consonants were 
not used to index a subset of memory rep- 
resentations but that the item was first en- 
coded asa unit, and the size of the memory 
subset is related to unit frequency rather 
than to the frequency of the components of 
the unit. 

A principal concern of the present experi- 
ment was to determine whether or not an 
item is analyzed into components during 
the classification task. If analysis does 
take place, then certain linguistic properties 
of the components, such as frequency of 
occurrence in the language, might affect the 
addressing of the appropriate memory 
ation or subset of representations. 


htforward means of testing an 
s would be to remove the 


unit frequency and 

Five-letter non- 
nsonant-consonant- 
ant (CCVCC) have 


represent 
A straig 
analysis hypothesi 
covariation between 
component frequency. 
words of the form co 


vowel-consonant-consonan ps 
a unit frequency of essentially zero 1n the 


language. However, the frequency of um 
ponents, initial and terminal consonan 
pairs, can be varied over à wide range. 
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the frequency of initial and terminal con- 
sonant pairs in CCVCCs had an effect 
analogous to that of the single consonants 
of the Stanners et al. (1971) study, it 
would seem that S must analyze the letter 
string to have his latency affected by the 
frequency of the components. Further- 
more, the use of five-letter consonant strings 
(CCCCCs) in which the frequency of 
initial and terminal consonant pairs was 
varied would provide another strong test 
of an analysis hypothesis. The analysis 
hypothesis would be upheld if the frequency 
of initial and terminal consonant pairs af- 
fected classification latency since a CCCCC 
item certainly has a unit frequency of zero 
in the language and does not even appear 
to be encodable as a unit, at least in the 
very short times involved in the classifica- 
tion task. 


METHOD 


Subjects. Twenty undergraduates at Oklahoma 
State University served as Ss. The Ss were given 
a small bonus toward their final grade in intro- 
ductory psychology as an inducement to participate. 

Materials. Three categories of materials were 
used, consonant-consonant-vowel-consonant-conso- 
nant nonwords (CCVCCs), consonant-consonant- 
vowel-consonant-consonant words (WORDs), and 
consonant-consonant-consonant-consonant- conso- 
nant items (CCCCCs). The reference for the 
construction of the materials was a set of norms 
compiled by Venezky (1962) which is a frequency 
analysis of the spelling-to-sound correspondence of 
the English language. The frequency with which a 
letter or letter combination occurred as a phoneme 
or phoneme combination in a given position was 


tabulated for a sample of approximately 20,000 


words from the Thorndike Century Senior Dictionary 
(1941). 


A somewhat more detailed description of 
the norms may be found in Stanners (1970). 
the purposes of the present study the data of interest 
were the frequencies of initial and terminal conso- 
nant pairs based on their occurrence 
sound units in words. 

Sets of items composed of a WORD, a CCVGE, 
and a CCCCC were constructed which had identical 
initial and terminal consonant pairs, e.g., CROSS, 


CRUSS, and CRNSS. The sets were composed in one 
of four different ways, with a relatively high- 
frequency initial consonant pair and high-frequency 
terminal consonant pair (HH), with a high-fre- 
quency initial consonant pair and low-frequency 


terminal consonant pair (HL), and, in similar 
fashion, LH and LL. 


i i There were 15 exemplars of 
CCVCCs, WORDs, and CCCCCs for each of the 
four frequency combinations wi 


1 c th the exception of 
LL WORDs which are very rare; only two of these 


For 


as specific 
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could be constructed. "Thirteen filler WORDs were 
selected to make up the deficit in the LL. group a5 
well as an additional 60 filler WORDs to equalize 
the number of words and nonwords in the total 
sample of 240 items. 

The average frequency in the Venezky (1962) 
norms of the initial consonant pair for the HH items 
was 201.7 and the range was 95-468. The counter- 
parts of these statistics for the HL, LH, and LL 
items were, respectively, 165.0 and 79-468, 28.7 
and 6-39, 6.3 and 1-21. For terminal consonant 
pairs the frequency statistics were as follows for HH, 
HL, LH, and LL: 289.6 and 97-729, 10.8 and 1-17, 
216.2 and 97-376, 3.3 and 1-8. The Mayzner and 
Tresselt (1965) norms were used to ch the fre- 
quency of occurrence of the CCVCCs and CCCCCs 
as units. All of the CCVCCs except two had a fre- 
quency of occurrence of zero; the two exceptions had 


a frequency of one. All CCCCCs had frequencies 
of occurrence of zero. 


The materials were typed in uppercase with an 
IBM sign typewriter, reproduced onto transparen- 
cies by the diazochrome method, and mounted in 
35-mm. slide holders. 

Procedure and design. The S was seated at à 
small table in front of a Plexiglas screen onto which 
the materials were back-projected to produce à 
visual angle of approximately 4°. The basic pro- 
gramming and recording equipment consisted E 
two Kodak Carousel projectors equipped with 
solenoid-operated shutters and controlled by an 
cight-channel Lafayette timer. A Hunter Kloc- 
kounter was used to measure the latencies. 

A trial was begun by S's pressing a thumb switch 
held in his nonpreferred hand. The S had been in- 
structed that before he pressed the thumb switch 
he should attend closely to the screen and hold 
between the thumb and forefinger of his preferred 
hand a lightly sprung toggle-type switch. Following 
activation of the thumb switch by 1 sec., aa item wa? 
presented on the screen. 


The 5 was instructed t? 
indicate by the direction (left or right) of the switch 
movement whether the item as a complete unit was 
or was not in his vocabulary. The direction p 
movement was indicated on a sign next to th^ 
Switch and was held constant for a given S. The 
Klockounter started with the presentation of t° 
item and stopped with S's respo; Both spe° 

and accuracy were stressed by the instructions, 2^ 
responding positively to idiosyncratic nickname? 
was discouraged. The offset of a lamp 3 sec. afte 


, H 1 » 
S's response signaled that he could begin a "° 
trial whenever he y d 

ste 


vas ready. 
An experimental sessior d 
i x (d 
g 40 practice trials) and la ml. 
n. The items were rando"; 


of 280 trials (includin 

approximately 55 mi 

ordered for each S, The experimental design bj 
completely within s and the variables were the 
quency of the initial letter (D, frequency © 1 0 
terminal letter (T), and category (C). Directio! an 
Switch movement for signification of whether ed 


i * u 
item was or was not in S's vocabulary was bala! | 


n for a given S con 


between Ss. 
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TABLE 1 


AVERAGE LATENCY OF CORRECT RESPON 
OF CORRECT RESPON 


SES BY SUBCONDITION AND AVERAGE LATENCY 


AND Errors BY CATEGORY 


ant pair | Overall average 


C E. iue of consona 
n | | E 
a i | HL | LH LL | emet: | Errors 
WORS 866 799 831 653 788 718 
CECCI be 723 | 737 700 799 
E | ^46 628 | 643 586 626 


Note. Empu 
ole, Empty cells are those 


A RESULTS 
Dre nite transformation was per- 
One or a few es data to reduce the effect of 
"s Score, A uighly deviant latencies on an 
ata Poi eg individual score in the major 
Mean of the was the antilogarithm of the 
Subconditig og latencies for & given Sina 
Ment with s ; Only “correct” (in agree- 
Were used Ne category system) responses 
Scores, Th > the computation of these 
Scores wer " error rate was such that all 
(out o | e based on at least 10 latencies 
Were base fuus 15) and 97% of them 

qp SEd on 12 or more latencies. 


WOR D» invol 
empty not not included because of the 
ae a LL. In this analysis, as 
Dy eM others, only effects with 
conside, ie beyond the .05 level 
S Were ed significant. All main 
e 


a 


RECS 
> 82. 
All interaction effects 
S as well. The two-factor 
Were Š 
iT y X © F (1,19) = 3400, p < 
T T x1 | F (1, 19) = 17.08, p < .001; 
(€ signi, (b 19) = 24.52, p < .001. 
Tm j crea three-factor interaction 
[m that even though the pat- 
e ex ae means was very similar for 
fo 6$ among and the CCCCCS, the differ- 
< the cc ae means were much larger 
Beets, 4 celo CX TX T, P 0,1) 
Coy Sted "e .025. Subanalyses were 
SECs ui oim the effects within 
-“CCCCs, 


m 


for which the mean is based on too few cas 


Within the category of CCVCCs all 
effects were significant. The main effects 
were I, F (1, 19) = 40.84, p < .001 ; and 
T, F (1, 19) The 


40.68, p < .001. 
larger difference between the LL and LH 
means as compared to the HL and HH 
means is reflected in a significant interac- 
tion term for 1 X T, F (1, 19) = 16.26, 
p « .001. 

All effects within the category of CCCCCs 
were likewise significant, reflecting the 
basically similar patterning of subgroup 
means for the two categories of items; for 
I, F (1, 19) = 10.09, p < .005; and for 
T Jud, 49) 36.33, p « .001. The 
significant interaction term (I & Dares 
flected the same general pattern as for the 
CCVCCs, F (1, 19) = 13.52, p < .005. 

The Newman-Keuls? procedure (Kirk, 
1968, pp. 91-93) was used to test differences 
between subgroup means within the cate- 
gory of WORDs and to make some tests 
between WORDs on the one hand and 
CCVCCs and CCCCCs on the other. 
Within WORDs, the means for LH and 
HL were both significantly different (P < 
.05) from HH but not from each d 
The comparisons between catego 3 
volved venting the three means for bee 
against their counterparts for CCV T 
and CCCGCS; € 8s HH WORDs vs. 
and COCO Pf CCCCCs, LH WORDs 
CCVCCs and HH CC E : 
re LH CCVCCs and LH CCCCCs, etc. 
Ni the differences were significant eo 
the .01 level except for that between 
WORDs and HH CC CCCs which was not 


significant. 
Responses Were 

failed to agree wit 

The error rate tor 


e designated errors if they 
h the category system. 
WORDs was .067; for 
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CCVCCs, .060; and for CORES, 004. 4 P. 
number of errors per S was too ee " 
statistical analysis of the latencies, i t 
the mean latencies collapsed d ys 
conditions and Ss were calculated for 25 
CCVCCs and WORDs and are presente 
in Table 1. 


Discussion 


The results indicate a number of the proper- 
ties required by a memory indexing m im 
account for word-nonword classification. The 
results for CCCCCs strongly indicate that 
analysis of the item does take place during 
classification. Differences in latency are re- 
lated to differences in consonant Pair frequency 
and are statistically highly reliable. At the 
same time, unit frequency must be the same 
for the CCCCCs, i.e, zero. The very large 
overall difference in latency between CCC CEs 
and CCVCCs raises a question concernir 
role of the consonant pairs in the classifi 
task for the two types of items. 
process is taken to mean the 
of a stimulus item w 


ng the 
cation 
If a search 
actual comparison 


ith a subset of memory 
representations, then it does not appear that 


the frequency of the Consonant pairs affects 
the search process in the case of CCCCCs. 
Rubenstein, Lewis, and Rubenstein (1971) 
have presented evidence indicating that the 
comparison of the item with the memory 
Tepresentation involves a phonologically re- 
coded version of the item. Nonwords which 
were homophonic with words, €g., BRANE, 
WATE, were found to have longer rejection 
latencies than comparable nonhomophonic 
nonwords, Presumably, after finding a phono- 
logical match, S had to reject the item on the 
basis of orthographic differences, In the same 
study it was found that homophonic words, 
€.g., ATE-EIGHT, had longer acceptance laten- 
cies than nonhomophones, The interpreta- 
tion was that the extra time was spent in some- 
times finding a Phonological match which Was 
not an orthographic match. 

Since the CCCCCs are no 
encodable, the effects attribu 
quency of the consonant pairs must reflect a 
process other than comparison. A Possibility 
suggested by Rubenstein et (1971) is 
"marking," which involves the designation 
of the memory subset to be searched. 
the higher the frequency of the 
the larger the Subset to be m 
greater the amount of time 
tionship 


t Phonologically 
table to the fre- 


A rela- 


between subset si and frequency 


ze 
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would be compatible with the type. Ho 
quency count on which the ere n. 
norms are based. In contrast to This! JE 
counts, the Venezky norms did not use es. 
text as its source but a dictionary. ‘I feels of 
the frequencies are based on the num Ne 
different words in which a given letter or nber 
combination occurs. Presumably, the nur ir 
of different words in which a consonant Mio 
occurred would be positively related if ie 
size of the memory subset which would ih 
to be marked. Processing of a CCCCC Nes 
involve marking a subset of memory and i 
attempting a Phonological encoding © lace 
item. Rejection of an item could take b 
at the encoding stage, and this early hohe ral 
would be the basis for the much lower oe 
latencies for CCCCCsas compared to CCV also | 
Rejection of CCCOC X as 
supported by error data; about 16 Es 
many errors were made on CCVCCs 4 
WOR Ds as compared to CCCCCs. 
The frequency effects observed id not 
CCCCCs in the present experiment dic the 
occur in the Stanners et al. (1971) study Mw 
case of CCCs, Although there is no obi 
reason for the discrepancy, one possibi nda 
that the absolute frequency of indiv hi 
initial and terminal consonants is fairly m 
even in the low-frequency subcond t: 
Where the overall average frequency of edd 
low-frequency consonant pairs in the pr „ncy 
study is 17.5, that of initial low-freque 0: 
single consonants in the earlier study is 3 w 
The counterparts 
freque 
The 
those 


s prior to search i 


for the 


of these values d 
ncy terminal units are 7.0 and 108.Y 
results for the 
for the 
hypothesis sinc 


as 
CCVCCs as well i 
CCCCCs support an p ul 
€ there are large effects at pail? | 
table to the frequency of the consonant rf i 
while unit frequency for CCVCCs is essen , et 
zero. Since CCV CC, are phonologically on 
codable they are involved in the compa sc 
oF search process through the marked $U im? 
and the latencies would reflect marking n M 
plus search time, Frequency of the conse oft 
pairs in determining the size of the Ue. d 
affect both marking and Sen 
ume, although 
Indicate that th 
slower or 


cevec would 


Ne search 


i a 
process 15 
ne than 


section Ol 
marking, Rejection as 
require an CXHHHSLV S a 
through the appropriate subset of n à 
representations, E 
Lu " il 
The patterning of the means for the C san 
d CCycpo, ; 9! 1 E a SiB ad 
and COVCCXs is similar and produced e 
cant [Xx T interaction in each ca? 


LE 


Results). For both CCCCCs and CCVCCs 
ie peer would be interpreted as a reflection 
NE Um between consonant pair 
he n d size of the memory subset for 
arking ME ener Since the duration of 
ee eos are both dependent on 
Sod e size, the pattern would be 
CVCCs. lor CCCCCs and 
E earch through the marked subset is 
With the b»: XE or WORDs but terminates 
m E son ai a match. A nonexhaus- 
vith the ipe for WORDs is compatible 
given Pu E that the mean latency for a 
| falls E combination for WORDs 
CCCs E between its counterparts for 

| Search pride i NE Cs. A nonexhaustive 
Y error durs or W ORDs is also supported 
trrOrs for Ween. average latency of the 
Teater than s (see Table 1) is 99 msec. 
similar to tl Via for correct: responses and 
Sponses on ec overall mean for correct re- 
that a mate} VCCs. In this case it appears 
representation DOSE found and the subset of 
S 1s searched exhaustively. The 

atency for errors on the CCVCCs is 
less than that for correct re- 
airly close to the overall mean 


be similar 


category of WORDS the relation- 
A sei el pair frequency and 
Tra ir pL than that within 
is that ther C Cs. A plausible explana- 
o iated i e is another kind of frequency 
E with WORDs, namely, unit fre- 
Unit frequency has a quite 
ct on latency than does component 
d finding in support of this 


both sis 


ati the correlation between mean 
te k over Ss) for each WORD and 
M 1) *-Lorge unit frequency of — .65 
f filler Wo Another finding based on a set 
were affect i also indicates that unit fre- 
MORI E NA S Ta SR Bii Among the filler 
vaca and term; 3 pairs which had identical 
E cre dig ere ni nal consonant pairs but which 
S, ss nt in Thorndike-Lorge frequency, 
Rro and. GLASS. The high-frequency 


“D of fille 

6 eee WORDs has an average latency 
"Sy grou, while the mean of the low-fre- 
y Ip is 765 msec., / (12) = 4.20, p 
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< .005. The implication of the relationship 
between unit frequency and latency is that 
search through the memory subset is ordered, 
the representations toward the “front” of the 
subset being those with high frequency of 
usage. 

The overall results suggest an outline of a 
memory indexing model for the present task 
and materials. First, the initial and terminal 
consonant pairs are in some way encoded, 
possibly phonologically, although the results 
are uninformative on this point. On the basis 
of information from these pairs a subset of 
memory representations is designated or 
marked, and the size of the subset is positively 
related to the number of different words in 
which the consonant pairs appear. Next 
would follow an attempt to encode the item 
as a unit, phonologically, and unlawful items 
could be rejected at this point. If the item 
were phonologically lawful, a search or com- 
parison process would ensue and continue 
until a match was found or until all the repre- 
sentations in the subset had been checked. 
Since search time depends on subset size, the 
search part of the process as well as marking 
would be affected by the frequency of the 
consonant pairs. 
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VISUAL PATTERN MATCHING: 
AN INVESTIGATION OF SOME EFFECTS OF DECISION dade 
AUDITORY CODABILITY, AND SPATIAL CORRESPONDENCE 


R. S. NICKERSON * 


Bolt Beranek and Newman Inc., 
Cambridge, Massachusetts 


The Ss made three types of dec 
visual stimuli: (a) Do the two pairs h 
they have both items in common? 
times (RTs) and error rates indica 


letters and random dot patterns. 
for the latter. Performance 
second (probe) pair of stimu 
in particular, it was sensitive 
in the same or different positio; 
questions of serial vs. 
codes are discussed. 


ns. 


The generic task with which we 
cerned is the following. The S is shown a 
set of one or more visual stimuli that he 
must commit to memory. This Set is 
erased from the visual display, whereupon 
a second set is presented. The S must make 
a decision based on a comparison between 
the item(s) of the first set and that (those) 
of the second. For example, he might be 
asked to decide whether any of the items 
of the first set are contained in the second 
set, or whether the two sets are identical 
(same items in corresponding positions), or 
whether the two Sets contain the same 
items (but not necessarily 
positions). 

Two recurring questions rel 
tasks concern (a) how visually presented 
information is represented in short-term 
memory and (b) how that information is 
retrieved from memory when it must be 
applied to the problem of classifying other 
visual inputs. The former question has 
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are con- 


in the same 


ating to such 


s wish to 
ow for their 
g the data, 

sent to R, S. 


man [nc, 50 
assachusetts 02138, 


ns about successively presented pairs of 
ave at least one item in common? (b) Do 
(c) Are they identical? 


ted that the 
difficult to deal with and the last the easiest. 


Both RTs and error rates were 
also varied with the way 
li corresponded to thc 
to whether like items 
The 
parallel processing 
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Both response 
first question was the most 
Two types of stimuli were used: 
much larger 
in which the items of the 
ose of the first (target) pair; 
in the two displays occurred 
implications of these findings for 
and of visual vs, auditory memory 


+ tÜ 
been raised in particular with respect 
visual patterns which have highly pr 
learned auditory associates or "na 
(e.g., letters and numerals). The la in 
question has frequently been couche of 
serial vs. parallel processing terms. xor. 
an S must refer to several items in men e 
in order to make a decision with resP ie 
to some item on a i 
memory representations “scanned” ox in 
a time in Sequence or many at one no 
parallel? Numerous experiments be re 
on these issues haye been conducteC j 
cently and several reviews of the itl 


are available (Nickerson, 1972; Sn 
1968; Sternberg, 1969). rate 
The models that have been gene™ ge 


Y these studies typically have beer’ gl 
veloped to accommodate results oH uf 
With a particular experimental proc®™ yi 
Sternberg (1966, 1969), for example o" 
Proposed a model to account for dace 
tained when S's task is to decide Wig 


P r d 1 ai i 
a character on a display is contain ors A 
specified set of one or mote cliaraé e d 


memory, Accordin 
of memory ch 


each memory 


€ 

g to this model, eal 
aracters is scanned 8 “of 
representation being il 
Pared with the test item in turn. «coo 
(1969) has Proposed a model to 2° iS s 
for results Obtained when the task. o 
decide whether two sets of characte' 


= 


£o - 
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1 
ee and one on a display, are 
Ebo ol T ccording to this model, one 
Gf the Ee process involves a comparison 
BIE. entire TF a display items against 
taneously = memory items simul- 
Mo a ; oth of these models are 
let Pi are left with the conclusion 
Mops ET one scans a set of memory 
Partially ad or in parallel is at least 
ao pependit on the nature of the 
In sg that he must make. 
helpful to der of parsimony, it would be 
Nc rue a model in which one of 
Stage of a Senge the outcome of one 
Other: The Meee designed to arrive at the 
Plays have # etermination that two dis- 
ne item in common could be 


E. One purpose of the present 
"ea as to provide some data which 

(RTs peer this issue. Response times 
Vere obtained for different decisions 

on hee. same set of stimuli. The 
nterest was whether the results 


? consiste is R s 
Same | stent with the notion that 


Woul d 


Secon 
to Obtain 53 Purpose of the experiment was 
of additional data on the question 


So € role x 
Stora le of auditory codability in the 


erm "d retrieval of visually presented 
b Te used: e this end, two sets of stimuli 
Patterns w ne was composed of visual 
JSsoe Vith highly overlearned auditory 


lates 
dot Patten E), the other of random 


try; Proble; 3 
Ying " that is encountered when 


Mr t hand simple visual stimuli that 
ay acquiy names is the fact that they 
Drese e names, if they are repeatedly 
to 5, during the course of the 
of Patterns es this reason, the random 
St ok lat comprised the second set 
a generated independently 
that a Given the generation 
differe as used, approximately 
oe patterns were possible ; 
quently happen that S 


Batt 
Wi 


ey 
Als. i er 
Orith y 


Woul 


PROBES DISPLAYED 


TARGETS MASKED 
{UNTIL RESPONSE) 


tos stc) 


TARGETS DISPLAYED 
(2 SEC) 


Fic. 1. An illustrative target-mask-probe sequence. 


would see the same pattern on more than 
one trial. 
METHOD 


General Procedure 


Two pairs of dot patterns were displayed on a 
computer-controlled oscilloscope on each trial. 
Each pattern was formed from a subset of dots in a 
7 X5 (95cm. X .75cm.) matrix. The two patterns 
comprising a pair alw: differed from each other. 
The first pair of patterns (target set) was masked 
by superimposition of 7 X 5 rectangular dot patterns 
before the second pair (probe set) was displayed. 
The two targets appeared on the display side by 
separated by a 1.11-cm. space. The two 
probes appeared directly under the positions of the 
targets and we + separated from the latter by .79 cm. 
Targets were displayed for 2 sec., masks for .5 sec., 
and probes until a response wa made. Figure 1 
shows an illustrative target-mask-probe sequence 
drawn to scale. The Ss viewed the display from a 
distance of approximately .6 m. 

The S’s task was to decide as quickly 
whether the target and probe sets were related in 
one of several specified ways, as explained below. 
Decisions were registered by pressing one of two 
telegraph keys. Half of the Ss in each group pressed 
the left key to indicate a positive decision and half 
the right. 

Each S had 28 runs 
cach of the 3 eee d 

‘tons. The first ay's 
pei aii data from these runs are not reported. 
Pia Ss ran in pairs, alternating every 2 runs. Sixty 
ale "go negatives and 30 positives) comprised 


each run. 


side, 


as possible 


(4 on the first day and 8 on 
ays) under one of six 
runs were considered 


t Variables 

ependent variables of primary 
f stimulus used, (0) the nature 
(c) the relationship between 


and (d) the type of response 
The first two were 


latter two within- 


Independen 


There were four ind 
st: (a) the type o 
decision task, 

target and probe sets, : 
(positive or negative) required. 

between-S, variables and the | 
u c s of stimulus patterns 


Stimulus type. 
i ock capité random patterns. 
were used : block capital letters and : Mond S 


tter stimul 
It was assumed that the le t l 
more readily encoded auditorily than the rand 


patterns. 


Two type 
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Each random pattern was composed from 12 dots 
positioned at random within the 7 X 5 matrix with 
the following constraint: Any two of the four pat- 
terns that occurred on a given trial were either 
identical or different with respect to at least 5 dots. 
The intent of this constraint, which was known to 
S, was to ensure that whatever differences occurred 
would be well above the discrimination threshold. 
Error rates were substantial even with this precau- 
tion. Scale drawings of examples of the random 
patterns are shown in Figure 2. j 

Decision task. Three different decision tasks 
were used: S had to decide in Task I whether the 
target and probe sets had any items in common, in 
Task II whether the target and probe sets had both 
items in common, and in Task III whether the two 
sets were identical, i.c., same patterns in the same 
position. 

Relationships belween target and probe sels. Taking 
into account the positions of items within their re- 
spective sets, there are seven ways in which the 
target and probe sets could be related. These rela- 
tionships are shown in Table 1. The top two 
letters of any set of four represent the targets and 
the bottom two the probes. Note that a positive 
response is called for by Mapping Rules 1-6 under 
Decision Task 1, by Rules 1 and 2 under Task II, 
and by Rule 1 under Task II. 

Response type. For each task, half of the trials 
of each run called for a positive response and half 
for a negative. Within the constraints implied by 


this fact, each of the mapping rules was represented 
as nearly equally as Possible. 


Subjects 


The Ss were hi 
participation. 
each of the six 
stimulus type, 


gh-school students paid for their 
Four different Ss were assigned to 
combinations of decision task and 


» e 
e o o e e 
e eee 
s e 
ee e 
© o 
o © o o e © 
e e. e 
© © o ee 
. e 
e e rn . 
e o e e e 
e ee e 
Fic. 2. Some examples of the 


random patterns used. 


TABLE 1 


SEVEN RELATIONSHIPS OF IN’ 
TARGET AND PROBE 


EST BETWEEN 


Target 
m i ionship 
E rove Symbol | Description of relations”! 
(bottom) 
sets 
: i B O | Same patterns, same 
: positions 
ifferent 
E B R €) | Same patterns, differe 
d positions 
f arns same 
3 A È + Leftmost patterns 5 
5 sam? 
i cB d ightmost patterns ï 
CB + Rightn I 
2 c A $ | Right probe same 25 
e left target 
£ D e ** | Left probe same a5 
right target 
AB i ! 
d CD O | Nothing same | 


So 
The results were analyzed in two phare 
The first phase focused on the effects of t ju 
of the experimental variables: stimt èr 
type, decision task, and response MT 
along with the effect of practice. 1? mi 
Second phase the effects of the relation? id 
between target and probe sets were ana? 

for Day 3 data only, 


Effects of Stimul 
Response Type 


A2X3x2 
performed wit 
Medians for 
Means of th 


he main 
summ 


rs sb; Utd 
is Type, Decision Tas 


ev 
X 3 analysis of variant " 5 
1 four scores (indivi 
Correct RTs) in each cell. le | 
e medians are shown in T2? a 
effects of these variable? 

arized in Table 3. J 
Che effect of stimulus type, F b o 
— 47.19, b « .001, was large: The rad n 
Patterns required about 60% more É- 
Process than the letters and elicite 
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TABLE 2 
z " Summary Data TABLE 
Stimulus type Task Correct PN 
response — | 
Lett | : - 
Letters : 
I Positive 575 (3) 5: 
Positive 575 523 (4 5 
ü Negative 723 (2) 663 (e Et R 
IE 535 (5) 465 (5) 450 (5) 
ii Nerve 542 (2) 479 (3) 479 (5) 
me 396 (4) 361 (3) 353 (3) 
- Negative 431 (4) 402 (3) 398 (6) 
andom figures I H 
s Positive 1,153 (30) 878 
aain "200 [23 (27) 307 
i Ne itige 1,398 (23) 1,062 (22) 1,003 Si 
ve 915 (16) 822 (15) 740 (17) 
"m ative 1,033 (18) 888 (23) 784 (22 
NER 585 (10) 525 (7) 474 (6) 
E Negative 600 (15) 547 (18) 491 (19) 


Mole. Backe ea 
Ach cell entry is a mean of four S medians 


five ti 

as many errors. The effect of 
was qn ask, F (2, 18) = 20.12, p < 001, 
indicating thee’ both RT and error rate 
he tage o, m from least to most difficult, 
the ai ordered III, II, and I. On 
msec, lór ge, negative RTs were about 72 
28. x M than positives, F (1, 18) = 
Ll 001. False positives and false 
Sbonse or curred equally frequently. Re- 
edd s decreased with practice, F (2, 
ence betw 2 b < .001; however, the differ- 
Was relativel, the second and third days 
Over the W y small. Error rates, pooled 
With celine variables, did not change 


_ The 5 
Signific, following interactions were also 
18 oe Stimulus Type X Task, F (2, 
Practice r^ ? < .05; Stimulus Type 
Respo (2, 36) = 16.60, p < .001; Task 
oi ponse Type, P (2, 18) = 7.08, P 
be oe X Practice, F (4, 36) = 5.68, 
Practice ; and Stimulus Type X Task X 
f a F (4,36) = 3.62, p < .025. Each 


le y 
Scribe tite interactions may be de- 
One or die Saying that when the value of 
99 às tog interacting variables was changed 
Ment ine the difficulty of the judg- 
quer On e the RT), the effect of the 
e iree-way was attenuated. Similarly, 
ed by Pa teraction may be sum- 

E irs ying that the magnitude of 
Tables Hs On between any two of the 
*pended on the difficulty of the 


Mari, 
the ; 


(in msec.). Numbers in parentheses are percentage error rates. 


the remaining. 


task as determined by 


variable. 
Effects of the Relationship between Target 
and Probe Sets 

Table 4 shows, for letters and random 
patterns separately and for each decision 
task, the dependence of RT and error rate 
on the various target-set-to-probe-set map- 
pings that could occur. 

Because practice inter, 
stimulus type and with decision task, it 
seemed best to confine our attention in 
this analysis to the data obtained on Day 3. 
The scores in Table 4 represent performance 
after one practice and two experimental 
sessions (20 runs). 

TABLE 3 
ry oF MAIN EFFECTS 


acted both with 


SUMMA 
Error 
Variable Level RT! ms 
Sti type Letters . 493 4 
inima Random figures 812 19 
l'ask 1 818 | 15 
nid Il 677 | Al 
Hl 461 8 
Positi 616 11 
Correct response Ka P » 
740 11 
ui 1 635 | 11 
3 600 12 


a RT is the mean of medians (in msec.). 
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TABLE 4 


EFFECTS OF THE RELATIONSHIP BETWEEN 
TARGET AND PROBE SETS ON RT 
AND Error RATES 


Decision task 
ER aes re 
Letters 
1 ü 438 (2) |407 (3) |353 (3) 
2 i) 478 (2) |499 (8) |432 (9) 
3 + 503 (4) | 500 (8) | 430 (14) 
4 ES 528 (3) |515 (7) |398 (9) 
5 * 584 (11) | 485 (7) | 399 (2) 
6 + 593 (11) | 507 (8) | 390 (2) 
7 [o] 619 (4) | 444 (1) |373 (3) 
Random figures 

1 o T44 (10) | 653 (7) |474 (6) 
2 W |992 (22) | 936 (27) |488 (16) 
3 + |840 (39) | 883 (31) | s47 (45) 
4 E |854 (36) | 836 (40) | 524 (32) 
5 + — (970 (50) | 814 (21) | 496 (8) 
6 * 940 (44) | 826 (21) | 484 (8) 
ü O [9355 (20) | 720 (8) |480 (7) 


In general, observ. 
regarding ordinal 
subsets of scores withi 


TTOF rates, 
horizont: 


rel 
n 


e for Day 3 only. RTs 


ations that 


this table 


are means of 5 medians 
Nearest percent, are in 
€ each set of numbers 
umbers above the lines 


are made 
ationships between 


pertain 
to both the top and bottom halves, The 
rank-order correlations betwe 


ing scores in the top 
the table 


usually 


probe sets had both patte 


long to judge 


but in opposite positions. 


and bottom h 
are .85 for RTs 


rates. The most striking 
ordinal consistency 
volve the RTs 
Tasks I and II 


these cases, the 


when 


en correspond- 
alves of 
and .55 for error 
exceptions to the 
across these sets 
associated with Decision 
and Mapping Rule a 
random patterns took un- 
target and 
rns in common 


in- 


In 
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Response times and error rates ho 
positively correlated, the rank-or rl E. 
lations in this case being -37 for lenten hk. 
.68 for random patterns. Fhus, we td 
assume that the ordinal relationships nat 
tween RTs that are observed ee offs 
attributable to speed-accuracy trade- 


Discussion 
Stimulus Type 


effect 

It is tempting to attribute the large a 
of stimulus type to the availability of ai we. 
codes for the letter stimuli. Such a conc ac- 
would be consistent with the severally a 
cepted notion that visual and auditory ( rates 
term memories (STM) decay at differen ic 
and that verbal material can be kept peut. 
in auditory STM through rehearsal, pro ron 
the amount of m 


aterial is not too great. 
this viewpoint, 


t$ 
the random-pattern tae 
would decay rapidly in visual STM ac be 
cause they have no names, would "i the 
accessible from auditory STM as beg He 
letters. We will consider the tenability ve 

explanation in the light of the importa! 
position effects that 


are discussed below. 
Decision Task 


shether 
Apparently, it Was easier to decide d 
two pairs of stimuli were "identical Bs. inre 
decide whether they had the same ues n 
spective of position, Which in turn, was và 
than to decide whether they had at leas 
item in common. To assess better the € 
of decision task, we should consider es. 
mapping rules (1and 7) that called for the ell 
Tesponse (positive and negative, dea Tn 
in all three cases. An inspection of ge 
associated with these rules (Table 4) pe p 
that the time it took to make a ganas, i 
sponse to a particular stimulus depen cis 
large measure on the nature of the Sepli 
required. When the target and probe a RO 
had nothing in common (Rule 7), ne che? 
Was longest when the question was, ' r "ask 
have at least one item in common?” Me A 
and shortest when it was, “Are the ae on 
identical?" (Task TIN. This is wh? We 
Would expect if the decisions in all FEE coa 
based on self-terminating item-by-item E t 
parisons of the displays (whether 54 id 5 
parallel), since four comparisons pum TH, 
required with Decision Task I, two wit osit 
I, and one with Task II. However; P 


one 


tw? 
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RTs for A 
Ber tte case in which the target and probe 
same way rl (Rule 1) are ordered in the 
Ue RM us result is not consistent with 
lih coe e an of a self-terminating item-by- 
would E. process, inasmuch as Task I 
mee: nr T ewer comparisons than either 
required - 2 EM any comparisons would be 
Would eond pie dae o On aD INDE trial 
parisons X E the order in which the com- 
varied ND made Unless that order co- 
ewer amoa natura of the stimuli, however, 
Fon the an ons would be required by Task 

If the Cee than by IT and HI. 

comparisons p- were fully parallel—all possible 
Bxtected 15 nae at once—Task | would be 
Mapping mee eM the shortest RTs (given 
e triggered pi ii because the response could 
tained; whe ee cann as the first match is ob- 
response Would in both the other cases, the 
nad been fou d have to wait until two matches 
tially parai pa Other self-terminating par- 
Ba titie m processes (e.g., one probe item 
Argets, one pared simultaneously with both 
With both target compared simultaneously 
Simultaneo prabe, or both probes compared 
"espondin ay y with the targets occupying cor- 
X Dect tele also would lead us to 
Mappin a rss the shortest RTs (again, 
st RIS : Rule 1). The fact that the 
is Bodlann ee obtained with Task 
at a A atic for any model that assumes 
mon item-by-item comparison 
nderlies the performance of all three 


he j 
dicat, q portance of the decision task is also 
Rules » by the RTs obtained with Mapping 
Abain, tha, 4r Decision Tasks II and IIl. 
(a D tasks required the same response 
tules, ip one) with each of these mapping 
and Probe Pea s, however, that given target 


the e Sets with only one item in common, 
pher the required to decide no was greater 
i questi ae x 
ug items luestion was, “Do the sets have 
R, re they e common?” than when it was, 
Ule; ; ? Ne same?" In the cases of Mapping 


53an H d 
Ü the D 3 this result might be attributed 
ey g ^ lat these patterns come closer to 
nder p * criterion for a positive response 


r as 
oe five than under Task III. This is not 
d ji these of Mapping Rules 3 and 4. 
ung Ying diro Darterns come as close to 
Ney, 9ne of oe for a positive response 
TI 1eless ae tasks as under the other; 
Stas = Conclusi is much faster under Task ITI. 
spelegy "S sion that we draw is that the 
palit Sti at S adopts for dealing with a 
Mulus depends strongly on the 
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nature of the judgment that he is required 
to make. In particular, he may do something 
qualitatively different when called upon to 
decide whether two displays are identical than 
when required to determine whether those 
same displays have any common components. 
The data seem to rule out the possibility that 
the same process is being used consistently 
across tasks. They support the view that as 
an information processor the human being 
has a varied repertory of procedures that he 
may apply selectively to processing tasks 
and that his performance strategy in any 
particular situation will depend not only on 
the nature of the stimuli with which he must 
deal but also on the details of the decision 
that he must make. 


Importance of Position 

In this section several comparisons are 
made between RTs obtained with different 
mapping rules. Consider first Mapping Rules 
1 and 2 and Decision Tasks I and II. Both 
of these rules called for positive responses with 
both tasks, and in each case the stimulus and 
probe sets had both items in common. What 
is clear from a comparison of. RTs associated 
with the two rules is the importance of posi- 
tion: RT was considerably shorter when the 
matching target and probe items occupied 
the same positions in their respective displays. 
One-tailed median tests were performed on the 
data from each S, comparing the medians ob- 
tained with Mapping Rules 1 and 2. Of the 


16 tests (4.Ss in each of the 4 relevant combina- 
tions of stimulus type and decision task) 13 
at p < .05). 


were significant (11 at p < .01; 2 

This rules out the possibility of a totally 
parallel, position-insensitive process in which 
every probe item is compared with every 
target item simultaneously. Such a process 
would be logically inadequate for Decision 
Task IlI, inasmuch as position information is 
relevant to the decision that is required in that 


With Decision Tasks I and II, however, 


case. 
rant} neverthe- 


position information was irrelev 
it apparently was not ignored. 

The fact that, under Decision Task I, RT 
was faster with Mapping Rule 1 than with 
Rule 2 also is further evidence against the 
two self-terminating, partially parallel proc- 
esses mentioned above in the discussion © 
stimulus type effects, namely processes that 
are parallel with respect to the targets and 
serial with respect to the probes, or parallel 
with respect to the probes and serial with 
respect to the targets. On balance, the differ- 


le 
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ences between the RTs obtained with Tene 
les 1 and 2 under Decision Tasks I an 

Rules i ison procedure that 
are suggestive of a comparison p eng 
includes something akin to a test for 

n { he two stimulus sets as 
gruence between the "or dr 
wholes (Bamber, 1969). The fact th is 
differences were much smaller for letters hp 
for random patterns further suggests that Ww ien 
ever process or process may be used i AE A 
tion to congruence testing are more efficien 
for letters. Mau } 

Given the importance of position in those 
cases in which target and probe sets contained 
the same items, we might expect to find some 
evidence of a similar effect in those cases in 
which the two sets had only a single item in 
common (Mapping Rules 3-6). If a match 
between two items is more readily detected 
when those items occupy the same positions in 
both target and probe sets, we would expect 
matching items in corresponding positions to 
have a facilitating effect when a positive re- 
sponse is called for and a detrimental effect 
when the required response is a negative one. 
Thus, with Decision Task I, Mapping Rules 
3 and 4 should, on the average, produce 
Shorter RTs than Rules 5 and 6. [n contrast, 
with Decision Tasks II and IIT, Rules 3 and 4 
should produce the longer RTs, Inspection of 
Table 4 reveals that the data are generally 
consistent with this expectation. 

Error patterns give further evidence of the 
importance of position, First, in the cases of 
Decision Tasks I and II, Mapping Rule 2 
generally produced a greater incidence of false 
negatives than did Rule 1. Second, consider 
the error patterns obtained in those cases in 
Which target and probe sets had a single item 
in common. With Decision Task I, in which a 
single match was su flicient to justify a positive 
response, the probability of a false negative 
was greater when the common item did not 
occupy the same Position in both sets than 
when it did. With Decision Task II, in which 
a single matching item called for a negative 
response, the probability ofa 


false positive Was 
higher when the matching item occupied the 


same position in both sets than when it did not. 
The error pattern obtained with Decision 
Task II shows no Position effect for letter 
stimuli, but is similar to that obtained with 
Task IIT and thus consistent with the as- 
sumed effect for random patterns, 

Position effects such as these are 
readily accounted for if the stimulus r 
sentations are assumed to be 
than if they are thought 


more 
epre- 
visual in nature 
of as exclusively 


t 
auditory codes. This is not to e E. 
position effects could not be eie: MU 
auditorily encoded stimuli; any ww. 4 
terminating process that scanned es 
physical or a memorized display ina cnr t9 
order might produce them. It is diffic ". 
see, however, any compelling reason wh. 
be particularly advantageous (or boa: items 
tageous) for matching target and pro PES 
to occupy the same position within the d B y 
if the stimulus representations were pri. ^ 
auditory. We conclude that the letter sti this 
as well as the random patterns, used 1n in a 
experiment were represented in memory cha 
" visual-like" form and that the deris ae 
were required were based, at lenst eM 
on comparisons involving those visué 
representations, 


Letters vs. Random Figures 


: à ations: ô 
We see three possible po 
performance was faster and more | figures’ 
with the letters than with the random Hg ) 


stimu ue 
Consider first the possible role of 37) have 
familiarity. Posner and Mitchell a ity 
Presented data suggesting that fan? 
with the sti 


a 
am i d termin? 
muli is not a significant derine I} 
of the time required to match simultan” cg 
Presented, le 


it 

tter-like forms, As the compa E. 
that is required becomes more menisi rol? 
pendent, however, familiarity does ae pr 
(Hochberg, 1968; Posner, 1969). In t d D 
ent experiment the temporal seperate aw jot 
items to be compared insured the imp, ht ) 
of memory, so a familiarity effect mig seh 


ry repre” qy 
expected, However, if the memory p 
at A par" 
tation of the letter stimuli was at least P‘ (jo 
visua], 


as we have concluded, the NT E 
S concerning how familiarity might E. 
keep such a representation intact. | sl 
rehearse or Senerate (Posner, Boies, ut 108 
& Taylor, 1969) a visual image, it seems o d9 af 
able to assume that he should be able p ils 
more effectively with patterns that are a l 
than with those that are not. An wie’ 
Pattern once forgotten may be irret™ ge 
gone; a familiar 
remembered, 
its trace has 
a familiari pat 


arise: 


el 


+r its n? 
one, particularly if Ee G 
may be reconstructed € t f 
ë 
faded. Or, perhaps th 


à . í J 
tern is more maintaina 


VISUAL AND AUDITORY CODES IN PATTERN MATCHING 43 


because one 
maintained, 


knows what it is that must be 


Eo undodbteilly true that the letters were 
Were the ond to in this experiment than 
What aire, p patterns, One wonders to 
bility sin t aiii and auditory coda- 
Ern ad a principle separable when the 
frat is niit visual patterns. A pattern 
ledig Dir ds almost bound to have a 
E ensibie y Penser. one that has a readily 
The ee is by definition familiar. , 
Superior ne possible explanation oí the 
the two simulis tee with the letters is that 
Or in “ goodies S ty ps differed in complexity 
(1966) pA = in the sense in which Garner 
Sulting froin ES the word. lhe patterns re- 
Ins TX rd l is random positioning of dots 
the letters E are probably less likely than 
curves mie = e comprised of continuous 
play the i nnected line segments or to dis- 
Character iad and closures that would 
Portance " good" forms. The relative im- 


better 3 complexity or goodness might be 
assesse p. : 

random SR by using as random figures 
qun combinations of letter. components 


such a Way as to configure letter-like 
to show the organizational properties 
Wàs an m Buy that stimulus discriminability 
results portant factor in determining these 
Whic} 


Shapes or 
Associate 


Sùl ee is varied systematically. 
nittated e fo know whether more easily 
Elke hon patterns would yield results 
i Mose obtained with letters. 
letters t there is the possibility that the 
"presented. not the rangom patterns) were 
auditory " a memory in both visual and 
Sompatison on If one assumes that a name- 
2 Process t] Process occurs concurrently with 
and ty at dni compares visual representations, 
.- 4 response can be initiated by the 

PE Need process, then one has 
f Detlorma accounting for the relative 
tai ae ance with the letter stimuli. 
fact hint tHe eds also can account for 
“tters and TN between RTs for 
lie questi le random patterns is least 
5 physical [* that must be answered in- 
'sion Taske im entity of the two displays 
Ositi an NN) and especially great when 
Con. em pes. is called tor by stimuli 
Sigg CNCE test (Ma completely on a holistic 
E i Mapping Rule 2 under De- 


on 
u asks 
Ader Tink hy. and II and Rules 5 and 6 


"his & 
the E 


Conclusions 


The results of this experiment are not fully 
accounted for by any existing model of charac- 
ssification. They support the following 
conclusions, however, about the 
nature of the processes involved in the per- 
formance of these tasks: (a) The strategy that 
was used to compare two sets of stimuli 
differed depending on the nature of the decision 
task; (b) both the letters and the random 
patterns were represented in memory in à 
visual-like form; (c) the letters were probably 
also represented auditorily; (d) under some 
conditions the decisions were based on holistic 
congruence matching of the visual patterns; 
and (e) the faster processing of letters was à 
result of a combination of their greater 
familiarity, their lesser complexity or greater 
discriminability, and their dual representation 


ter cl: 
tentative 


in memory. 
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FUNCTIONAL INDEPENDENCE OF PICTURES 


THEIR VERBAL 


DOUGLAS LEE NELSON? anp DAVID HEBER BROOKS 
University of South Florida 
Phonetic similarities among paired-associate (PA) stimuli interfere with rate 


of acquisition independently of the imagery value of the stimulus words. The 
purpose of this experiment was to determine if phonetic 


in coding when the information proces 
rather than a verbal representation. 


which were either high or low in similarity, and the Pi 


of pictorial representations of these 
condition were given standard PA in 
in addition, required to overtly 
response. Similarity impaired ac 
Word condition, to a lesser extent 
all in the Picture condition. In con 
findings suggest that pictorial represer 
codes independently of their correspoi 


in 


In a recent series of experiments, Nelson 
and Brooks (1973) have shown that the 
phonetic features of words apparently have 
as great a functional value for processing 
high-imagery concrete words as for pro- 
cessing low-imagery abstract words. Pho- 
netic similarity and imagery level were 
manipulated within the stimulus words of 
paired-associate (PA) lists. The depend- 
ence of word coding processes upon pho- 
netic features was implicated by the inter- 
ference produced by the sharing of common 
elements. The dependence of these pro- 
cesses upon imaginal features was impli- 
cated by differential acquisition rates asso- 
ciated with concrete and abstract words and 
by the effects of instructional manipula- 
tions. Most importantly, 
sharing of phonetic features 
formance independently of i 
Phonetic similarity among 
produced increments in diffi 
ble to those obtained with 
(Nelson & Brooks, 
I-III). Furthermore, 
were obtained e 


however, the 
impaired per- 
magery level: 
concrete words 
culty compara- 
abstract words 
1973, Experiments 
these impairments 


ven when the PA pairs were 
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ational Institute of 


name each picture before anticipating its 
quisition to the greatest extent within the 


AND 
MEMORY CODES! 


attributes play a role 
sing sequence is initiated from a pictorial 
The Word condition contained stimuli 
cture condition consisted 
words. Half of the Ss in the Picture 
structions and the remaining half were, 


the Picture-Name condition, and not at 
junction with 


h verbal report data, these 
ntations can function as effective memory 
nding verbal representations; 


high-imagery words which were presented 
at a relatively slow rate following extensive 
practice at generating interacting images 
(Experiment V). Apparently, even under 
relatively ideal conditions for processing 
nonverbal features, phonetic attributes 
were processed as well, 

The results of th 
gested that bot 


ese experiments SUS? 
h the verbal (phonetic) FS 
the nonverbal (imaginal) features of t 
high-imagery stimulus words were utilia 
as cues for processing information. rh 


purpose of the present experiment was t 
determine if the coding of phonetic i 
tributes w. ; 


[ as dependent upon initiating ! 
information Processing sequence from e 
verbal stimulus, Thus the major variab 
in this Study was type of representation 
verbal or pictorial. In the Word conditio 
the PA stimuli were phonetically simi? 
words in one list and phonetically dissin!^ 

Words in another. The expectation 
these Conditions was that similarity wor 
Impair rate of acquisition even though $ is 
items were all high-imagery words. i 
result would of course be consistent W! 
previous findings (Nelson & Brooks, 197° 
In the Picture condition, the stimuli ihe 
sisted of pictorial representations O ‘a 
Corresponding words, Therefore, althos£. 
the verbal labels for the pictures varie’ 1 
similarity, the Pictorial representa? ig 
Were as distinct in the high-similarity cO? 

44 
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BENT Dey wore in the low-similarity 
B res Ex En the usual superiority of 
Paivio d words as PA stimuli (e.g., 
ected Ps i Wicker, 1970), it was ex- 
faster in sed age es acquisition would be 
condition hod ue than in the Word 
Used. Whe y low "similarity stimuli were 
used, three n Io te eng À stimuli were 
plausible. Ky E outcomes seemed 
hot the de depending. upon whether or 
First, if Um ures were implicitly labeled. 
BS they we pictures were covertly named 
was that ior pea one p ibility 
ES Great for 55 z 9 d acquisition would be 
for the Gots or torial representations as 
his Outcom " ien the labels were similar. 
abels elicited] b ould Suggest that verbal 
le major y D the pictorial stimuli played 
retrieval 225 in directing storage and 
Plicit wie es. Second, given im- 
dy &imilarits the interference. generated 
obtained nite may be less, relative to that 
88 stimuli Pa the labels themselves serve 
an re n this case, an interaction 

ype of representation and simi- 
Lus be expected, and this result 
Bad consistent with the hypothesis 
x pictorial stimuli, both nonverbal 


lat 


toria] sd are not labeled. 
With Presentations should be associé 
bel simi words and 
E ith 
= e ref This result, which * 
> larity : ected in a Representation 
ebal interaction, would suggest that 
ively representations can function 
their V, $ memory codes independently 
üusibi]ic erbal counterparts. Given the 
t of co; A of the latter outcome, à third 
Vere reg ditions was included in which Ss 
eu gt to overtly name each picture 
Expected, shown. This requirement was 
effect be to generate a phonetic interference 
labels pere of the similarity among the 
n the high-similarity condition. 
ip. tes Nae the extent that imaginal 
Was expe also processed in this condition 
W e t that the interference effect 
; conditio, than that obtained in the 
itions, 


METHOD 


Materials. Each S acquired a single list of six 
PAs in which the stimuli were either words or their 
pictorial representations. In different lists, the 
verbal stimuli were all relatively common six 
letter words which were either high or low in formal 
similarity. The pairs for the two high-similarity 
ET-MARK, BONNET-EDGE, BULLET- 
P, BUMPER-VEST 


lists. wert 


FORK, BEAVER-DOOR, BUTLER-H4 
for List 1; and PARROT-MARK, PEANUT-EDGE, PUP- 
PET-DOOR, PADDLE-FORK, PUZZLE-VEST, POODLE- 


Harp for List 2. Thus high-similarity stimuli shared 
the same first and last letters. The pairs for the 
two low-similarity lists were; BASKET- MARK, PADDLE- 
FORK, CACTUS-ED( T, TURKEY-DOOR, 
SPIDER-HARP for List 1; and BULLET-FORK, PUZZLE- 
VEST, CANNON-DOOR, WINDOW-MARR, CHOR- 
HARP, MONKE DGE for List 2. Low imilarity 
items shared a minimum of letters. Response terms 
for all lists were high-imagery relatively common 
four-letter words taken from the Paivio, Yuille, and 
Madigan (1968) norms. All responses were ran- 
domly igned to stimuli with the restriction that 
no obvious ciations were formed. The pictorial 
stimuli consisted of line drawings representing, re- 
spectively, the high-similarity and the low-similarity 
stimuli. Thus, the verbal labels for the pictures 
varied in similarity but the pictorial representations 
were apparently equally distinctive in each simi- 
larity condition. 
Procedure. Standard PA instructions were given 
toall < Those in the Picture and those in the Word 
conditions were instructed to vocally anticipate the 
ase before the pair appeared on the screen. The 
ame condition were instructed 
name of the picture stimulus 
before anticipating its response, and to aid them in 
so, E named each picture as it was shown on 
A comparable overt-articulation 
stimuli was not included since 
ve suggested that manipulation 
of this variable is ineffective under these task condi- 
tions (Nelson, Brooks, & Fosselman, 1972). 
In individual sessi 


ons, practice was by the method 
of anticipation for a total of 20 trials following the 
study trial or for 4 consecutive errorless trials, 
whichever came first. If the latter criterion was 
achieved, the protocol was scored as if there were ra 
additional errors. Slides of all items (black on ligh 
background) were presented via a Kodak Carouse 


i j iven at a 1.5:1.5 sec. rate, There 
Side projector, interval. Sequences of pairs were 
Pd in five uns ematically varying orders, 
Ere t » restriction that at least two pairs had to 
with the d otieen the presentation ofa pair and 
inten prence: This! sequencing was” changed for 
E. S in each condition. | E s 
s learned a practice list consisting of two pairs 
to those used in the experimental task. 
following the experimental task each 
lividually. In the Picture condi- 
d to name the picture, then to 
as learned, and finally, if he 


respor 
1 the Picture-- 


to overtly articulate the 


doing 

the study trial. 

condition for word 

previous findings ha 
r 


was r 


each 

All 
comparable 
Immediately 1 
pair Was shown inc 
tion, S was first aske t 
describe how the pair w 
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TABLE 1 
ZRRO 


S A FUNCTION oF Tyre 
ION AND SIMILARITY 


MEAN TOTAL 
OF REPRE 


"Type of representation 


B Picture Picture-Name Word 
j 40.19 69.75 
h 5 | na | 33.31 | 39.56 


e name of the picture while learning 

OA n m Ploture-Name and Word conditions, 

ch S was asked to describe how each pair sai 
PA The £ classified cach description into one 
| of three categories: rote, verbal mediation, or im- 
Br eod two conditions of similarity, three 
Es of ‘representation (Picture, mee 

- and Word), and two lists, there were a total of 2 
- different between-S conditions. Eight Ss were 
assigned to cach of these treatment combinations 
giving a total of 96 Ss. These Ss were assigned to 
conditions in blocks of 12, with 1 5 from each condi- 
| ; tion per block. Assignment within blocks wa 


as deter- 
mined by a table of random numbers, All Ss were 
— selected from courses in introductory psychology 


. and received points toward their grade fo 
— tion. A single male E collected all data. 
M 


r participa- 


REsvLTS 


A trial-by-trial analysis of variance of 

_ errors to the acquisition criterion (omission 
M plus commission) indicated that the main 
-effects of similarity, F (1,90) = 9.08; type 
~ of representation, F (2, 90) = 29,91 ; and 
rials, F (19, 1710) = 177.19, were all 
tatistically significant at P « .01. Mean 
total errors Per S for low and high simi- 
larity were, respectively, 31.44 and 42.58, 
^ and the mean values for the Picture, 
 Picture-Name, and Word conditions were 
9.62, 36.75, and 54.66, respectively, Thus 
l similarity impaired Performance, and the 


 Picture-Name condition w 


in difficulty relative to ul 
! 


as intermediate 


he Picture and 
. Word conditions. This analysis 


| vealed a reliable Similarity Xx 
T Representation interaction, 
1.30, > < .01, indicating th 
| ! larity had differential effects within types 
| of representation. Mean 

this interaction are show 
| Fisher's two-tailed least 
| ence for subsequent test 


j 


also re- 
Type of 
Bi, 90) 

at label simi- 


total errors for 
n in Table 1. 
significant differ- 
comparisons on 


this interaction was 2.84. Thus, all pr 
were reliably different from cach ot = 
Comparison of these values indicated i e 
the differences between high and low si! = 
larity were greatest within the Word anes 
tion and next greatest within the Picture 

Name condition. The direction of this 
difference was actually reversed in the 
Picture condition. "Thus, similarity y 
paired performance to the greatest cape 
when storage and retrieval processes wer 

initiated from a word, next when the initia- 
tion was from a picture which had to E: 
labeled, and apparently not at all when Ss 
were not required to overtly label a 
Pictorial representation. It should also b 

noted that even when | 
low, preformance in ^ x 
condition was inferior to that in the Picture 
condition, suggesting that the act of overtly 
articulating the label for the picture inter- 
fered with performance, The only other 
reliable interactions in this analysis Wa 
Type of Representation X Trials, r 4 
1710) — 3.63, b < .01, and Similarity 5 
Type of Representation X Trials, / (38, 
1710) = 1.59, P < .05. The latter inter- 
action reflected the persistance of inter 

erence throughout the acquisition perio’ 
when the stimulus items were similar 
words. 

Upon reaching the 
Ss in the Picture 
to label each of t 
sumed that these 
to determine the 
between As and Ss 
Priate label for eacl 
ment w 
labeling obtained for an 
of the 6 stimuli, 


abel similarity. bu 
the Picture- Name 


acquisition criteriom 
condition were require 

he stimuli, Jt was i 
responses could be se 
degree of concordanc 

as to the most appro 
This ae 
high with piper 
average of 4.84 be 
Disagreement appeare 


a i an 
Consistently on two items: butler—‘a Has 
holding 4^ coat” and paddle-"an oar. 
When asked if the n 


ame for the picture 
Occurred to them during the learning phase 
Ss reported that labels were used for a" 
average of 1,25 items, 
qualified this stat 


it Occurred to the 


However, EE 
ement by indicating ets 
: m only at the very begin" 
ning of the task. The majority of SS ep 
Ported that they simply knew what pois 
Picture was and that it did not occur t° 
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picture 10 D re never naming any 
picture. E cepts naming a single 
reported aras, naming 2, and 3 
more, report e 3-6 of them. Further- 
Mision giis. labeling did not vary as a 
of 1.37 for i T similarity, with an average 
similarity = xb similarity and 1.12 for low 
Beane (F « 1). 
Bom with aS of variance were per- 
classifications. each of the three strategy 
al-media tic E baa cuis Be tere and SES 
arity, e or ee neither simi- 
eraction m à TOpEeSeD tS HOT, nor the in- 
Statistical wer ds even approached 
of pairs a vility. Che mean number 
TOte, was 3 ^ out of six classed as being 
Pairs upon rae the mean number of 
reportedly hi i 1 verbal mediation was 
to be B Ln icon ty Phere did appear 
Imagery. us for the uti zation of 
l'epresentat: muc to vary with type to 
Name, 25 ar cd the Picture, Picture- 
Number = Word conditions the mean 
Strategy hig! reportedly involving this 
tively, How. 1.58, 1,23; and 78, respec- 
Compar tee an analysis of variance 
Classifica tic, to those used on the other 
NOt attain ons revealed that this source did 
= 2.96 Statistical significance, /* (2, 90) 
P< 0. 


Discussion 


ve , 
tani abel similarity within the pictorial 

4, Unless 
see Pres task explicitly required an overt 
ea cin the Lm The null effect of similarity 
m il ,Tecogni Icture condition suggests that 
aş aningfy n nonverbal representations of 
Spo mor, EN can function effectively 
Lum lg verbal. independently of their corre- 
feren data E. representations. The verbal 
tha e. Albo to corroborate this in- 
que, Pictures xa verbal labels for most of 
t, the «vere readily supplied upon Te 
&reat majority of Ss reportedly did 


g 
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not name any of the stimuli or utilized a label 
for only one of them during acquisition. 
Furthermore, the labels that were provided 
suggested that Ss were not implicitly labeling 
components of the pictures, but that they were 
being coded wholistically, as “gestalts.” In 
fact, nothing in the report data collected during 
the remainder of the interview suggested that 
Ss were associating responses to specific com- 
ponents of the pictorial representations. Thus, 
the null effect of similarity cannot be attributed 
simply to implicit labeling of isolated features 
with a consequent reduction or elimination of 
the similarity variable. This inference is not 
intended as a claim that such component 
processing only rarely or never occurs, for 
there is ample evidence that it apparently 
does, at least when the nonverbal stimuli are 
complex nonsense forms (e.g, Clark, 1965; 
Ellis, Muller, & Tosti, 1966). The only claim 
that is necessary is that under the present 
conditions, with static and highly familiar 
pictorial representations, such feature sam- 
pling apparently did not occur. 

The findings of this experiment in conjunc- 
tion with those reported by Nelson and Brooks 
(1973) suggest that the processing of the 
phonetic attributes of PA stimuli are highly 
dependent upon the type of representation 
from which the information processing s€- 
nce is initiated. Thus, if this initiation is 
a verbal representation, the evidence 
that both the phonetic and the 
atures of the stimulus words are 
However, if it is from a pictorial 
representation, involvement of the verbal 
svstem apparently is an unnecessary require- 
ment, unl the task specifically demands 
participation of this system. In the latter 
case, as with words alone, both features appear 
to be processed. Thus performance in the 
Picture- Name condition was intermediate 1n 
difficulty relative to the Picture and Word 
conditions. These results are consistent with 
the inference that imaginal and phones 

atures ate apparently processed independ- 
jentus ^os involving separate systems 
ently, perhaps o, Brooks, 1968; Paivio, 1971). 
(e.g Bowen 19197 ia d ict (re eus words 

"he relative superiority ol pIC ie 
Tie rese. this experiment might best be 
gbtaidet m. associational factors such as 
ace by the conceptual-peg hy- 
P aivio, 1971) or to stimulus-differ- 
rs such as those presumed by 
tion hypothesis (e.g. Wicker, 
ninimal utilization 
d in this study, 


que 
from 
suggests 
imaginal fe 
processed. 


those 
pothesis (P 
tiating facto 
na 
the apparent r 
ery obtaine 


en $ 
the discrimi 


1970). Given 
of interaction imag 
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the present results favor the latter alternative, 
but clearly do not eliminate the former. A 

In addition to suggesting that the PN 
were not implicitly labeled, the resulta D t E 
experiment indicate that requiring overt identi- 
fication prior to response s M uae 
fered with performance in this task. T hise eet 
is most clearly demonstrated by the increment 
in difficulty observed in the Picture-Name 
condition relative to the Picture condition, 
when similarity was low. Bahrick and Boucher 
(1968) have observed a similar interference 
effect attributable to overt labeling. Relative 
to a group left to their own devices, they found 
that naming pictures of familiar objects over 
repeated trials had a detrimental effect 


on 
both an immediate and a delayed recognition 
test. In the present study, several innocently 


recalcitrant Ss occasionally anticipa 
sponse at the appearance of the t 
and then labeled the picture, 
reverse, but prescribed, 
phenomenon appeared rel 
with not more than seven 
it on not more than eig 
the learning phase of th 


ted the re- 
est picture 
rather than the 

procedure. — This 
atively infrequently, 
or eight Ss exhibiting 
ht occasions throughout 


e experiment, Further- 
more, it appeared equally within Conditions of 


low and high label similarity, However, this 
phenomenon has never been previously ob. 
served within a single § among the thousands 
of 5s who have participated in experiments in 
this laboratory under conditions requiring 
overt articulation of word stimuli, and hence, 
it attests to the apparent reluctance of Ss to 
perform what they Teportedly regard as an 


ering task. To account 


; ficulty produced by the 
naming requirement in the low-similarity 
condition, it might be ar 


rgued that the 
to the pictures on 
Ngruent with 
However, this altern 


ascribed by 7 
trial were inco 
by Ss. 


labels 


with those of Hs. A more plausible Ke. 
is that forced involvement of the a bid 
system may have reduced the time avai A n. 
for coding the superior pictorial repr o 
Accordingly, the differential diffi culty a 
served in the high label similarity Pictu 3 
Name condition apparently reflects pee 
bined detrimental effects of the overt arue 
tion requirement and the interference genera 


omm S z represen tations: 
by the similarity of the verbal representat 
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ISUAL INFORMATION AND REDUNDANCY IN READING! 


MURIEL C. THOMPSON ax» DOMINIC W. Mz 


University of Wisconsin 


Previous ies ^ 

ue ah b nid have demonstrated that a letter is better identified when 

Saati a In a valid spelling pattern than when presented alone. The present 
s replicated earlier findings in a paradigm that controls for redundancy 


by presenti 3 
y presenting the response alternatives after the 
Gee ee apne A d 2 Dues 
, this study failed to find an effect of visual similarity. Th 


entation. How- 
result suggests 


imulus pr 


that presenting the alternatives ri f ; 
presenting the alternatives right after the stimulus presentation does not 


control for redundancy since 


alternatives are eliminated during perception of 


the sti s after infi i 
timulus, not after the visual information has been completely analyzed. 


Identification was, therefore 


letter ; , i i 
a er and word alternatives prior to the experimental s 
iminated the spelling pattern advantag 


mined in a task in which Ss were given the 


This task 
sual 


ion. 
idence for v 


> and also provided ¢ 


similarity effects in letter a ; mbil Seat aie 
larity effects in letter and word identification. The findings are consonant 


with a visual i S ee 
ith a visual identification process that analyzes visual featu 


both letter and word recognition. 

Al 
ong vie the study of reading has had a 
ory (Cattell, 1886; Huey, 1908; 
1938), there is no generally 
account of the processes in- 
tter and word recognition. One 
^ en for this may be the con- 
[^ m EHE higher order infor- 
Wi any visual recognition experi- 
Visual ue efforts aimed at studying the 
'Splay, Po MN icc available in a visual 
Controlled Tot have not adequately 
rocesseg d higher order psychological 
. onsequently, inferences drawn 
B are based on results con- 
àn interaction of at least two 


Nation 
Ments, 


entifv; 

M lveq 1E the processes that are in- 
i ual confiScriminating and classifying a 
JStween : 'guration requires a distinction 
able the sources of information avail- 
le reader. The first consists of 
information that is directly 
and pot visual configuration of 
Cader’s Deed The second source is 
Nees that a edge of the valid letter 
iin! m occur in words. This 
rder information (some- 


Tesearch ; " 
zm it by ah is based on a master's thesis 
se * Mie first author under the direction 
“quest foithor, 
Sts 
or i ini 
d Feprints should be sent to Dominic 
Partment of Psychology, University 


A is. E 
» Madison, Wisconsin 53706. 
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s of letters in 


sible number of valid alternatives for each 
letter of a word. Knowing the constraints 
which characterize letter sequences supple- 
ments the visual information, thus greatly 
facilitating the reading process (Bruner & 
O'Dowd, 1958; Miller, Bruner, & Postman, 
1954). 

The present research studies how visual 
information and redundancy contribute to 
letter and word identification. The first 
goal was to determine the size of the visual 
or perceptual unit employed in word identi- 
fication. A perceptual unit is defined as a 
visual configuration that is uniquely repre- 
sented by a property list in long-term 
memory, where the property list describes 
the set of visual features in the perceptual 
The two main theories of the per- 


unit. 
are the single-letter and letter- 


ceptual unit 
cluster theories, respectively. 

The single-letter theory assumes that 
word recognition proceeds in terms of an 
analysis of the visual features of each 
letter in the word. The identity of the 
word follows analysis of the visual features 
in each of the individual letters. The 
letter-cluster theory is based on the ich 
sumption that spelling patterns or W orda 
are read without first analyzing the fea- 
tures of their individual letters. As a 
primary proponent ofa letter-cluster view- 
point, Eleanor Gibson (Gibson, Pick, Osser, 
& Hammond, 1962) hypothesized that the 
functional unit in word recognition 1s à 
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i i attern. 
spelling P üctand relatively invariant 
pe aee lation. Gibson as- 
spelling-to-sound correla eel 

hat spelling patterns will be pi mA 
E. asily than random letter strings, be 
We cote tems of the framework given here, 
spelli > an function as percep- 
ee vendom letter strings 
E. f in this case, identification of a 
Selling pattern would simply = genre 
tification of one perceptual unit, w e ro 
identification of random letter strings 
volves the identification of hota or more 
units. It should be stressed that accor ting 
to the letter-cluster theory, the spel ing 
pattern is assumed to have a perceptual 
advantage in addition. to the advant 
afforded by the operation of redundancy. 
Accordingly, a critical test between these 
theories requires that the contribution of 
redundancy in the spelling pattern be elimi- 
nated. Reicher (1969) has recently pro- 
vided such a test by comparing letter and 
word recognition while attempting to hold 
the effects of redundancy constant. In his 
study, Ss were presented with either one 
or two letters, one or two four-letter words, 
or one or two four-letter nonwords. Įm- 
mediately after the stimulus flash, a visual 
noise mask was presented that covered the 
former stimulus position. The masking 
card also presented two letter alternatives, 
one of which appeared in the original stimu- 
lus and one which was incorrect. To elimi- 
nate the operations of redundancy on word 
trials, both ves formed a 


r letters of the 
d that Ss were 
Correct alterna. 
4$ à Word than 


asa letter or a nonworg, 
If redundancy or some 


other process 
cannot account for the fact that a letter 
is better identified in 4 spelling pattern, 
the perceptual unit must be larger than an 
individual letter, According to our defini- 
tion of a perceptual unit, this means that 
the visual features of the ui 
a number of letters, For ex 
word shape or letter-cluste 
be a visual feature, These 


age 


nit cut across 
ample, whole- 
r shape could 
features would 
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+ 3 res 
differ significantly from the visual be. 
which characterize individual E theo? 
cordingly, the letter and letter- ius BE 
ries differ with respect to what br 
extracted from the visual e eem 

It is therefore necessary to "i used 
whether the same visual features are 
in letter and word recognition. The ". 
ture contains sufficient. data Volens 
Carpenter, 1970; Gibson & E ei 
1966b; Kaplan, Yonas, & Shurc i ; visual 
Neisser, 1964, 1967) which define t : denti 
features employed in single-letter d from 
fication. This progress has Danis & 
Eleanor Gibson's (( "ibson, Osser, a 
Smith, 1963) identification of the [ in i 
tive features used in recognition e a 
vidual letters. Gibson et al. ge " 
list of distinctive features that e capit! 
each grapheme of the set of Roman reed f 
letters. This feature list was ee at 
Predict confusions between the let fusion? 
to devise an error matrix of o at co^ 
A series of studies demonstrated Me 
fusion errors correlated with the perc 


taf 

Hi 
i ters Nar 

of features that pairs of let 

common, 


af 

: sr ident!" 
Other studies of letter id 970) 

tion (eg, 

have shown 


Clement & Coxpen c M 

that the letter can t vi a 
as the perceptual unit, and distinc 
features of th J 
recognition. u 


€ letter are critical for 

optus 

the letter is always the Pofl 

unit of analysis, feature testing kx wa 
recognition should operate in e p 
as in letter recognition. However - 
to date contradicts this assumptus 
findings of 4 word advantage BEES. 2 
Suggest that feature extraction poer 
the spelling pattern of the qc 0 
rather than on the individual ler it 1 
the present Study, the visual pod of iff 
letters was Varied to test the natu! ysig 


Perceptual unit in word recognition ) "i 
the probe technique (Reicher, ! es C p 
levels of visually similar alternativ ed 
lar ang distinct) we 


re presented yt wo 4 
1 single letter ail ud, 
Presentations COP re? a) 
le letters followed by nt ity d 
atives of low visual confusa m 
letters followed by two alt 


lives following botl 
Presentations, 
(a) sing 
altern 
single 


VISUAL IDENTIFICATION OF WORDS AND LETTERS 


of high visu; 
Enos! confusaliility, (c) four-letter 
Ede en reel Dor two letter 
B bar ow visual confusability, and 
by two RM aeque labie words followed 
B Einzle-lerrc. similar letter alternatives. 
Should be em presentations, performance 
Setter * (winner. when visually simi- 
When distn erative are presented than 
Similarity s d letters are presented. 
in Words ut d also operate differently 
Pattern or ; iñ single letters if a spelling 
Mhea : wood is the perceptual unit. 
ter hand, if the letter is the per- 


“eptue 

al unit i " 

should E in w ord recognition, similarity 
Bo € equal effects in both letter and 


Td pre. : 
pr esentations, 


EXPERIMENT I 


3i don as tte students were each 
All Ss had , o partic pate for five I-hr. 
: land ire name] or corrected vision. 
Wor Nosy llabie f ratus. The word stimuli were 
Sare presente pur enter words. The 24 base 
rived by m m lable 1. The other 48 words 
Xe letters Ping the letter of the base word 
t response "responding to the similar and 
* alternativ The two critical 
ri ded response alternative in the 
ere either visually similar 


yj Materia 


ün the Wee form a new word. For 
atter i LANE, similar alternativ s 
fuer ed of Mand Nin the mask 
jim eer consisted of c and 
aud he letters appeared equally 
as news fs QU positions. This re- 
single-lett each of the four letter posi- 

er stimuli consisted of the 
* Diena tgd in the same position 
udin, cited ; ons. The test alternative: 


Ne toi 
: At w 
Sime le he 


$ T 
Ip Sand wore 
* were 


in a H 
tha the same way as on word tri 
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and distinct pairs. 


subte: ssl aae E » 
av eübtended a visual angle of 14 min. 
aged ; "di 5 
ires enn about 8 min, per letter in 
Model ES tachistoscope (Scientific 
ateria] T ) was used to present the 
us g , in he luminance, measured by @ 

S fi Ometer, was > 
ds, » Was 16.2 ftl. for all three 


o 
type 
Us p 


n each exper; i 
S RA experimental trial a fixation 
mie le th E ptr on a blank field. ready 
by later © trial by ed each trial informing S to 
y ly by : g 
; the eee a hand switch to im- 
Doise ide ts This was followed 
ask of blocks of typewritten 


on 
[uN 


TABLE 1 


Sir uvLUs ITEMS USED IN PERIMENT I 


Stimulus material 


Letter n 
tested Alternatives 
Base word 
Similar Distinct 
1 r M 
R L 
n G 
M P 
6 R 
F c 
2 M i 
H R 
e P 
A P 
K N 
H w 
3 G N 
M € 
P s 
n T 
R L 
T oO 
4 B M 
R Y 
F L 
L4 L 
K E 
GRIM N E 


overlapping Ss and os occupying the position which 


the stimulus had just occupied. The two response 
alternatives were displayed directly above the mask 
and above the position of the probed-for letter. 
Underscores were used to indicate the position of 
the critical letter in the stimulus. The S’s task was 
aloud which of the two test alternatives 
he stimulus presentations. 
tensively tested, using a repeated 
over 5 days of the experiment. 
ed 48 observations to each com- 
bination of the major variables of the experiment: 
type of stimulus material (letters and. words), 
similarity of the stimulus alternatives (similar or 
distinct), and four different positions of the critical 
letter. 

On Day 1 of t 


stimulus duration à 
The me 


to report 
occurred in t 

The Ss were ex 
measures design, 
Zach S contribut 


E determined the 
t which each 5 performed at 
thod for determining the 
duration was à modified method-of-limits procedure. 
The test items (single letters and four-letter words) 
sted of 100 items constructed similarly to those 

xcept that all 26 letters 


periment © th: 
so, stimulus similarity was not ma- 
s set of items. The stimulus dura- 
for 75% correct were within the 
The visual noise mask con- 


he experiment, 


75%% accuracy. 


consi 
used in the ex 
were used. Als 
nipulated in thi 
tions necessary 
f 30-75 msec. 


range ol 
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taining the stimulus alternatives followed the stimu- 
lus immediately and lasted 150 msec. "" 

The stimulus material was sorted into four blocks 
of 48 stimulus items with each block containing a 
equal number of letter and word trials. W ithin a " 
block, the order of presentation of type of stimu E 
material, visual and distinct alternatives, and the 
position of the critical letter was completely random. 
A short rest period followed each block of trials. 
This procedure was maintained on the succeeding 
days of the experiment. 


Results 


Replicating previous findings (Reicher, 
1969), accuracy for words (73%) was su- 
perior to that for single letters (64%), F 
(1, 8) = 18.23, p < .05. In contrast to 
our expectations, however, identification 
given the distinctive test alternatives did 
not exceed performance with similar test 
alternatives. This result was consistent 


across both letter and word presentations 
and all serial positions. 


Discussion 


The failure to find a main effect of similarity 
was unexpected. In contrast with previous 
positive effects of similarity, the present results 
indicate that Ss do not seem to be able to 
employ partial information, i.e., visual fea- 
tures in the Reicher (1969) task. For example, 
consider the presentation of the letter D 
which the S sees only the curv 
When presented with p and K as distinct 
alternatives he should be able to choose the 
correct alternative. On the other hand, this 
partial information would not be sufficient to 
discriminate the similar alternatives p and o. 
If Ss were using partial information in their 
response selection, one would expect an ad- 
vantage in discriminating distinctive alterna- 
tives. Failure to find a similarity effect sug- 
gests that S perceives or synthesizes the test 
letter or word before the alternatives are pre- 
sented. In this case, if S did not synthesize the 
test item correctly, he would have to gue 


domly between the two response altern 
If Ss arrive 


, in 
ed feature, 


ss ran- 
atives, 
at a decision about the test 
stimulus before the alternatives are considered 

’ 


it is possible that redundancy is still available 
and operating to facilitate performance when 
letters are presented in words. During word 
presentations, redundancy would serve to re- 
duce the number of alternatives, and therefore, 
S would need less visual information for correct 
letter identification. To illustrate the effect 
of redundancy, assume that S has read out 


won. in Positions 1, 2, and 3 and a cut 
feature of the last letter (0). From them 
information in the curved feature, the ata of 
tives for the last position can oaly be D. pel 
Q. However, if S knows the letters must E a 
a word, D is the only valid alternative. ura- 
cordingly, S synthesizes the letter conte 
tion as WORD and is correct when pd 
the alternatives D and K. In the letter- 
case, given the same visual information ivesi 
curved feature, S also has three alternati in- 
D, 0, or Q. However, without addition ly 
formation from redundancy, S is equally n the 
to synthesize the letter as D, 0, OF Q | co! 
letter-alone case, then, S will perceive. 
rectly only 33% of the time. Hence, ‘be 
dancy serves to reduce the possible nunt F. 
valid alternatives for word trials Red 
letter trials, making an error more BER 
occur on letter trials. This analysis 1" l 
that it cannot be assumed that ation 
(1969) paradigm eliminates the operat 
redundancy in word recognition. ew 

Synthesis of the visual stimulus befor i" 
test alternatives are considered also i ex 
failure to find a similarity effect. m og d , 
ample above, if S correctly synthesize nt 
beforehand he will choose the correct A if 
tive from p and K or pand o, Howev® in tH 
synthesizes an alternative not presente c o 
response alternatives, he will have t? ativi 
randomly from the two response anen te 
These results, therefore, do not dire? je 
what visual features are employe 
and word recognition. 


Reiche 


Experiment ll 


oth 

Experiment II was designed as e n 
attempt to investigate the percept af 
and visual features employed in let 
Word identification, While Reicher : 
intent was to control for redun e 
appears that presenting the alto d K, 
after each presentation does not €^ yest 
the operation of redundancy. P j 
of the present experiment offers ^ gg 


H ; he (uo 
control for redundancy while E he 5 jl 
time Manipulating similarity: l alte y 
given a fixed 


> albe 
number of respons se of 
fore the experimen es M 
$ the valid alterna fore De 
entation, and there" pta” i 
Perceptual synthesis, word ae du^ gi 
Should not have any advanta£ "m 
redundancy, The study, there 


tives (four) be 
Since S know. 


the test pres qat 


VISUAL IDENTIFICATION 


vides ities 

E nues test of whether the word 

oats ge effect is maintained without the 
ution of redundancy. 


Method 


Subjei ` 
E. Seyen undergraduates served as Ss to 
chology cour. equivariant for the introductory psy 
S had normal at the iversity of Wisconsin. Al 
Material E A M a 
tives (p E pa apparatus. Four stimulus alterna- 
(1969) edd and G) were chosen from the Gibson 
Wo pairs of re distinctive features for graphemes. 
ence that ma Lm have : minimal feature differ- 
COnfusable lakes them visually similar and highly 
Other Sita P and rR. When paired with the 
Number of EE these letters have a minimal 
eatures in common. For example, P and 


R s} 
nare f, 
2 Our fez y 
ea ec s ni : 
ature dee a in common, with only one 


also reme be defined as distinctive. 
mbedded Be ‘ a common three-letter word 
ete trials consist es center position. Therefore, 
ca BRG oF en or presentation of one of the 
ie ed of beeen! the three-letter word trials con- 
pee All stir entation of either APE, ARE, ACE, OF 
5 White rH consisted of uppercase lette typed 
tion the son toe, The stimuli were typed so 
the Point, All Auer always appeared at S's fixa- 
ime as in M ME variables were 

. rOcedure “Xperiment |. 
Et Was dur d sse experimental trial a fixation 
gnal from E isplayed on a blank field. A ready 
€ the wii ded cach trial informing S to 
eft, which Mah ng a hand switch located 
ks mmediat meate exposed the stimulus 
anole Visual noise Siy after the stimulus presenta- 
S weovered ime mask was presented for 150 msec. 
to report E of the word or letter. The 
hie ' le T oud the letter which appeared 
Doct fesponair presentation ; for word trials, 
n. ding with the letter in the center 


n p; 
Ura Y lo : 
atio, X the experiment, E determined the 


When a 
it 


disp]; 
ti Pla 


lra ! at whi 

G be in a each S performed at 7596 ac- 
tang using the ying the single letters P, R, C, and 
Da duratio method-of-limits procedure. The 
Alter,” Ss Wero i over all Ss was 20-60 msec. On 
Cente lives ang informed of the letter and word 
Stim, etter w told that for word stimuli the 
56 op tS maa be either P, r, c, or c. The 
imb 3 Son d was sorted into four blocks of 
Wig t of ol h cach block containing an equal 
pees y, ach block of t at each stimulus condition. 
dk Es random, A Pia the order of presenta- 
tn Were ‘rials, Tie tree ie Fat au followed each 
jd test Heated E med E presentations on each 
m mate] Mulus diane. and were used to adjust 

RO E n to maintain Ss at ap- 


S Mai : 
^ e ^? accurücv: Thi 
of trib d on the liens y. This procedure was 
He. P lüted 48 obcan of the experiment. Each 
P Pe to each combination 
€ experiment: type of stimulus 


ariables " 
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similarity of stimulus 


material (letters and words 
and the four 


alternatives (similar of dis inctive), 
different test alternatives. 


Results 

The results were first analyzed using 
percentage correct responses: the propor- 
tion of times Ss responded with a letter 
given that particular letter was presented. 
From this data, percentage accuracy was 
determined from the total number of cor- 
rect responses /total number of presenta- 
tions. These results indicated that Ss were 
more accurate during letter presentations 
(7895) than during word presentations 
(6795), F (1. 6) = 9.62, p < .025. This 
11% difference, reflecting greater accuracy 
for letters alone than letters embedded in 
a word, eliminates the word superiority 
effect found in Experiment I; 

The effect of visual similarity is best 
understood by an analysis of errors. If Ss 
choose their responses randomly on error 
trials, they should respond with a similar 


alternative only 33% of the time. How- 
ever, on 63% of the error trials, Ss re- 
sponded with a similar alternative, indi- 
cating they were more likely to respond 
with a similar alternative. than with a 
distinctive alternative, P (1, 6) 17.92, 
p<.0l. Furthermore, this similarity effect 
was exactly the same on letter and word 
Accordingly, the procedure of pre- 
atives prior to the experi- 
d an effect of visual 
time elimi- 


trials. 
senting the altern 
mental session facilitate 
similarity while at the same 
nating the word advantage effect. 


Discussion 
emonstrated that if 5s are 
Iternatives before 
after each trial, 
etter recognized 
‘A large effect 
was also shown for 
{ letters presented 
are opposite those 
nt I, which presented the 
stimulus alternatives after each trial. The 


salts indicate that it cannot be ssumed that 
pe ntis the alternatives after the 
dl " trial eliminated the operation of re- 
adang in word recognition. Redundancy, 
d anc) 


therefore, accounts ndings that 


nt II d 
t of stimulus à 
nt rather than 


ted alone are b 
d in woras. 


Experime 
given the se 
the experimer 
tters presen 
rs presente 
confusability 
in words anc 
se results 


le 
than lette 
of visual 
both letters 
alone. Both of the 


found in :perime 


stimulus 


for previous fi 
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i in words than 
page gre eae vp & 
EE ea. chen et al., 1962; Krueger, 
1970: Reicher, 1969; Wheeler, 1970). deci 

One unexpected result of Experiment iid 
the finding that single-letter recognition was 
actually better than word ai gol a 
though the extent of this effect is PG i Ln 
this point, Ss reported that the re eh 
often interfered with identifying the ET ES 
letter. This finding suggests that A or pe z 
ing (Townsend, Taylor, & Brown, 1 71) may 
have been operating during word presentations, 

More importantly, the effect of similarity 
can be investigated when higher order informa- 
tion is eliminated. This manipulation served 
to emphasize visual feature analysis in identi- 
fication. Under conditions of brief tachisto- 
scopic exposures, Ss are limited to the number 
of visual feature tests that can be made. Be- 
cause this restriction requires an identification 
before all the alternatives have been elimi- 
nated, Ss should be more likely 
with a similar alternative than with a distinc- 
tive alternative. The present results indicated 
that visual similarity effects were equal in 
letter and word recognition, implying that the 
same visual features are used in letter and word 
identification. This indicates that the letter 
is the largest unit of analysis in visual recogni- 

tion over which feature extraction occurs, 
In summary, the e 

the present article w. 

of the perceptual unit 


to respond 


xperimental question of 
as to determine the size 
employed in word identi- 


fication. In answering this question, it was 
necessary to specify two Sources of informa. 
tion which are avail 


able to the re 
information and nonvisual higher 


mation or redundancy, 
recognized than single lett. 
Sources of information were available 
ment I). However, the w 
was eliminated when re 
quately controlled (Experiment IT) 
findings and the fact t 

effects operate similarly 
recognition argue agains 
larger than a single letter, 


ader: visual 
order infor- 
Words were better 
ers when both these 
(Experi- 
ord advantage e 


ffect 
dundancy 


Was ade- 
- These 
hat visual sim 
in letter 


t a perceptual unit 
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PROPERTIES OF HUMAN VISUAL ORIENTATION DETECTORS: 
A NEW APPROACH USING PATTERNED AFTERIMAGES! 
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The orientation, si 


chronous visibility of their afterimages. 


shape, and spacing of two small bars affect the syn- 


The effects found were similar for 


DHL a DH CHI T = 2 b 
5 onocular and dichoptic viewing conditions, suggesting involvement of 
entral contour detectors in the visual cortex. Synchrony was maximum for 


two parallel bars, lower for two bars at 90°, 


id lowest for two bars at 45°. 


F st bars a à ž 
i or parallel bars, or bars at 90°, the afterimages synchronized even when a 
emporal delay was introduced between the onset of the afterimage of one bar 


and that of the delayed bar, indicating interaction of the bars. 


sibilities 


The vi 


of two afterimares z D ILU "s d DEM s A 
two afterimages at 45° were independent. The relative difference in orien- 


tation up to which s 


nchrony remained at a maximum was 2° for either à 


er d or horizontal “constant” bar, but 4° when the constant bar was 45°. 
ifferences in angular selectivity for Hubel-and-Wiesel-like “hypercomplex” 
units are postulated to explain the results. 


a mum id have shown that patterned 
With iiti lo not fade uniformly, but 
entire ima nn in the visibility of the 
970; Hann. or part of the image (Atkinson, 
d net-Clark & Evans, 1963; Evans, 
simil mholtz, 1925). There are many 
&fterima s between the fragmentation of 
images (Bar and of optically stabilized 
& Piggins pee 1963; MacKinnon, Forde 
live orient: 969). Factors such as the rela- 
Making u ‘oy size, and locus of the parts 
he nu F pattern seem to determine 
Mack of fading. 

im, e ^innon et al. (1969), using the after- 
f an outline square as the stimulus, 
hat certain combinations of lines 


be 
[9 The present study was carried 
determine those properties of a 
me. o Dien that control syn- 
ive mea eh jlity and to make quantita- 
c 88ures of the effects. Two different 
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methods of measuring synchronous visi- 
bility were used. In Experiments I, ll, 
and III, the measure is called “synchrony,” 
and in Experiment IV, the measure is 
called “correlation.” A discussion of the 
theory behind each empirical measure pre- 
cedes the description of the experiments. 


EXPERIMENT | 
Measurement of Synchrony 


In Experiment I, the afterimage was a 
pattern of two small rectangular bars. The 
measure of visibility used was the total 
amount of time the afterimage was visible 
within the trial time of 60 sec. Three scores 
were obtained for each trial, these being: 
(a) The total time for which Bar A was 
visible whether or not Bar B was vi ble 
(ta), the probability of Bar A being visible 
at any moment in the trial being Pa. In 
this case P a is equal to 14/60. (b) The EX 
time for which the second bar e E) 
was visible whether or not PE mE 
visible (fs), the probability of Bar B 3e. 

isible at any moment of the trial being 
ke r^ = tp/60. (c) The total time 


d ited both bars were visible together 
(ts) The times /4 and fy will both in- 
s)- 
e ts. ' 
BUTS afterimages 


ities of the two 
independent, then the 
both afterimages 


If the visibil 
pletely 


were com E 
of seeing 


probabili ty 
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ent would be the 
coe Ge ind orobabi Ges of seeing each 
iia bans, and thus, on a san EE 
nceivably b a 
Hc jj TE 60) sec. Then the 
B to which ts exceeds (P4 X P n x ath 
ight be taken as a measure of synchrony 
E is present over and above chance. 
There are two reasons why this pipes 
tion of synchrony above chance E no 
appropriate in the case of two af pct 
First, the appearance of an al terimage 
varies systematically with viewing time. 
Thus the afterimages of both bars 2 
two-bar pattern are always visible fo 
least the first 5 sec., and only 
is the fading such that either 
appear from time to time. 
vidual differences in the len 
period of stable synchronou 
it is relatively constant for 
Obviously therefore, the de: 
independence varies thro 
making inappropriate the 
of synchrony which 
probability for synch 
trial. A measure of S 
fore be used which 
assumptions, 


The second unsatisfactory feature of this 
method for calculating synchrony above 
chance is its failure to take into account 
individual differences in the absolute time 
for which any afterimage is visible. 
example, using the above me 
chrony above chance will be 
and fy are 30 sec, and ts is 15 sec. 
if the same ratios hold for an 
the afterima: 
absolute tim 
sec.), 


any 
r at 
subsequently 
or both may 
There are indi- 
gth of the first 
5 visibility, but 
each individual. 
gree of statistical 
ughout the trial, 
above calculation 
assumes a constant 
rony throughout the 
ynchrony must there- 
does not make Such 


For 
asure, syn- 
0 sec. if 1, 
3 However, 
other S, but 
for a Shorter 
10 Sec.; fg = 5 
chance wil] be 
1 be Overcome 
e trial time," i 


iLe, 
the total time for which at least one h 


ar is 
visible or the time for which any part of 
the afterimage is visible, Effective trial 
time, ignoring visibility of small fragments 
of the bars, will be equal tot, + 4, — is. 

The measure of Sync Which 
used in the following three experimen 
given by the ratio of t 


WO prob, 
probability of one bar being 


hrony Was 
ts is 
abilities: the 
Visible When 


abili 
the other bar is visible and the pro 
of the bar being visible when AN 12 
visible. In terms of the three pur o 
fm, and ts, made in m hei wd visible 
of the probability of Bar A à ken 3 
when Bar B is visible can be x being 
ts/ty. The probability of ee, be 
visible when anything is d rata 
estimated as t/(f, + y — ts). zc call 
of these two probabilities, which "un P 
synchrony, is equal to fs da oe te of sy” 
(l4 X tg). This adopted measure simple 
chrony has the advantage over w t it ad 
measure such as fs/ (£4 X tn), im ey. 
justs each S's results by using the e: made 
trial time so that comparisons can d any 
across individuals and it does not mak 


e 
anc 
: expected ch 
assumptions about the expecte tal 

à x] as a 
level of synchrony. |t is used as riment? 
Comparing across different Mp 
conditions, so that the effects on sy orient? 
of changing factors such as relativ assessed 
tion and viewing conditions can be 4 
Method sit 

Subjects, 


s Unive 
Six Ss were students at m yr. ? 
of Cambridge, They were between 17 i «pe 
and were all naive as to the purpose ol 


the ex 
Sa : alor 
ments. All had Vision which was norma 
to normal, 


mages bt hc 
Apparatus and procedure. The Freies P. 
produced by a Braun F800 electronic ene 4 nit 
ash duration Was found to be approxima sci ose 
by displaying a photocell output on an t outpt MO 
The Manufacturer's Specification for light flte M 
approximately 160 joules. A diffusion ash “ 
placed in front s i 
given in a 
:3 cd/m, 
black mask 
Both monoc| 
Were used, 


f ag? 


cfe 


: iewing C 
dichoptic bes di 
In the dichoptic viewing c line Of s 
black shad S's i cou 1 n 

3 * 1c Hi 
etween S and the flashgun, so that eye al p 
i attern with his ane die n 
is left eye. In t ned , 0 

Se rd mper mI 

ynchrony found is Posi 
involving binocular ee quate 
For monocular viewing, - 


] ent 
rä white spot attached to th 

as c 
ise 


»any 
due to proces; 
information, 
his right eye 
elt eye w, 
patch, 

horizontally 
the flash, S 
throughout t 
stant ba, 
alterimage 
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ED) Tl x 
E trial time w ec. immediately 
adeps the flash. had 15 min. of 
a5 i a k 
am m before the first experimental trial and 5 
po poe — Afterimages lasted on average 
5 although only the first mi 
T E b st n e was ana- 
ird ior eaeh ral st minute was ana 
ertain inci 
visibi Fe eena factors, known to affect the 
possible t udterimages, were kept as constant as 
nmana us 3 was asked to fixate the spot on the 
ot ee Ready" and to avoid blinking. Orders 
anne dine that balanced for practice effects 
Were used ent stimuli and viewing conditions 


"The 
leet pss and the fixation spot used in 
Spot was M un s Tom in Figure 1. The fixation 
of the ban. 2 ed 2° from the nearest edge of one 
Point of thc nd horizontally aligned with the mid- 
orientation or oparata of the bars. The relative 
Separating T t rs was 0° or 90°, The distance 
b Were 2° X j^ Was tat 1° 2°,.3° or 4°. All 

Each S c 7 
the frst completed three trials on cach condition, 
calculated ^s being practice. Synchrony values, 
95taineg ue the measures /a, /p, and fs, were 
Synchrony q cach S on each condition, The mean 

Y lor each condition was calculated. 


Results 

The p 
are shot esults for mean synchrony values 
| x bn "igure 2. Analysis of variance 
lere wae « irony scores showed that: (a) 
Synchro, à a significant difference between 
F values for different patterns, 
horizontal e, p < .01. The pattern of 
š wed | bars and that of two vertical 
Patterns f lgher synchrony values than 
9! two bars at 90? to one another. 


o T z 


Brey 2. 


Mean synchrony for differ 
separations (see Figure 1). 


OA 
BRE 


Fic. 1. The four patterns used in Experiment I. 


(The black dot in each figure marks the fixation 
point.) 


(b) Comparing the means for each condi- 
tion, there was slightly more synchrony for 
monocular than for dichoptic viewing, 
but the difference was not significant. (c) 
Synchrony was dependent on the distance 
separating the bars, being highest when 
the bars were at 1° separation, F (3, 15) 
= 21.8, p < .01. 

The results of Experiment I show that 
relative orientation and separation affect 
synchrony for monocular and dichoptic 
viewing alike and this result implies that 
the variation in synchrony reflects the 
parameters of some process beyond the 
point of binocular combination of informa- 


monocular x— ——»* 
dichoptic o=— -<0 


Y 
Separation (n degrees) 
rent patterns 


at different 


Y Ta 


“+ 


wee. 


as eee | eee ee Te 
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Fic. 3. The six patterns used in Experiment II (x marks the fixation spot). 


tion. This means that the units 
synchrony must be w 
visual cortex. 


mediating 
ithin the human 


EXPERIMEN? II 


It is impossible from 
Experiment I to know whe 
is low for all two-b 


the results of 
ther Synchrony 
ar patterns where the 
bars are in different orientation, or whether 
synchrony varies Systematically as a func- 
tion of relative orientation. To investigate 


this, Experiment II and Experiment IH 
Were carried out. 


Method 


Stimuli and procedure, The basic method and 
procedure were the same as in Experiment l. The 
patterns used are shown in F igure 3. All bars were 
€ fixation Spot w: 
ase of th 


pattern, 
Was cal- 


à practice. Mea 


n synchrony 
culated for each pattern 


as in Experiment | 
Results 
as a function of 


show 


up to a 90° difference 
Analysis of variance on 
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Den 
different patterns revealed a ME 
difference between synchrony ^ (3, 2 
degrees of relative orientation, „sis us 
= 185, $ < .01. Further analysis iy) 
the Tukey (a) test (see baa signi 
Showed that synchrony decreasec M- 
cantly for an orientation ane 
for two bars from maximum synchr signi 
two parallel bars, There was also pud jo 
cant difference in synchrony for t at 80 
at 90° to one another and two me pets 
There was no significant difference PP 
relative orientations of 5° and 10° 
of the chang 
the first 19° 
situation, 


0 
A "curre 
e in synchrony occt allel P“ 
shift from the paré 


Experiment lI 
Method 


d Ph 
an 
Stimuli and Procedure, The method he s. 
ure were essentially the same as TA Expe ri 1 
two experiments. The patterns used a T 
Were similar to those of Experimer;, 

different Orientations of the C cd 
changing) bar were used, these being d be 
zontal, and Slanted at 45°, The secon p 
Pattern was at DSS 1929,49. 955 ame 1 
Constant bar, The bars were the j^ pi 
Previous experiments and separated af 
Patterns, Ney were viewed monaiffer 
Position 2° Parafoveal. The six 5S trials 
those in Experiment |I) had five ractie? 
Pattern, the first of the five being a = [ated 
Synchrony for each pattern was calct 


Y Results 


2 poseen pote for each pattern 
jr a igure 5. The slope of the 
Ene A apa are very similar for 
E nstanr un the vertical or horizontal 
E pum sy nichrony did not start to 
ES dime ‘seating until there was a 
tween the: b Sie in orientation ol 2? be- 
istant e For patterns with a 45? 
en nel t ie decline was not apparent 
| tion. Thisr as a difference of 4° in orienta- 
SE E e ky bs confirmed by analysis 
i Cia A f e 23) = 34.6, p < .01, for 
Orientation Hur us different degrees of 
Ecorse oe by the Tukey test for 
een 3 at mers (significant difference 
l for Jue and 4 relative orientations 

Piete E gid : horizontal standards). 
Sand = ae sane difference between 
terns with A ed orientations for the pat- 

>” constant bars. 


a 


T IV 


The ; 

Ex dbowe results using the synchrony 
Or not tke E. give any clue as to whether 
“ronizing two afterimages, which are syn- 
one a n visibility, are interacting with 
Ng time ae hus, if each bar had a vary- 
Sequences course of visible and invisible 
Synehrono Ei two bars could be visible 
‘den tical E y if their time courses were 
hey would it independent, in which case 
‘ively, x merely be “in phe ; alterna- 
drive 4 „time course of one bar could 
80 that de time course of the second bar 
not inde ley appeared in phase and were 

€pendent. In Experiment IV an 


EXPERIM 


Slentaton speciticity 


E 
9 æ 40 o s) 70 s 9 
" Gilfererce In relatwe orientation (in degrees) 
"IG. 4. g 
: 2 nchrony 1 function of 
ative orientation. 
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in degrees) 


Ditterence in  reetive orientation 


Fic. 5. Synchrony as a function of relative 
orientation: X—patterns with a horizontally orien- 
tated constant bar; O—patterns with a vertically 
oriented constant bar; A—patterns with a 45° 
oriented constant bar. 


attempt was made to find out whether the 
units mediating synchronous visibility were 
doing so through interaction or whether 
two independent units (one for each bar in 
the two-bar pattern) were involved. 


Measurement of Correlation 


The two afterimages (one for each bar) 
were triggered by different flashes, thus 
introducing a delay between the onset of 
the first and second afterimages.. If the | 
units are independent, a delay in onset 
should reduce the synchrony compared with 
that observed for a simultaneous onset of ia 
the two images. Jf the units are interacting 
with one another to cause synchrony, there 
should be no reduction with the introduc- 
tion of a delay. 


The measurement used for measuring 


yronous visibility in Experiment IV 
alled the correlation. It is defined as 
f seconds (rounded to the 
second) in a given trial time for 
which two afterimages are in the same state 
(the two possible states being visible or 


syncl 
was C 
the number o 
nearest 
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E Nas 
isi t vas maximum “‘anti- 
er B de Fein afterimages, then 
D. correlation would be ne Ed. ped 
tion measurement has the advanta td 
ure in that it inclu 
Eur bw E the direrimege rather than 
" t the visible state. However, the corre- 
la n score could give misleading results 
ER errare: were visible to S v ids 
very short time, as in this case e: z É 
would be spuriously inflated by ds. arge 
amount of time both afterimages A. 
visible. The synchrony eed » 
the advantage of overcoming such arge 
individual differences by using the effective 
trial time rather than the actual trial time. 
To compare these differences between 
the two measurements, both correlation 
and synchrony were calculated in Experi- 
ment IV. 


Method. 


Apparatus and procedure. Basically, the same ap- 
paratus and method as in previous experiments were 
used, except that S's switches were attached to 
Behavioral Research and Development four-c 
event recorder. The patterns used in Experiment 
IV were similar to those of Experiment I. Patterns 
1, 2, and 3 were the same as 1, 2, and 4 in Figure 1, 
Pattern 4 for Experiment IV was a vertical bar and 
a 45? bar (Pattern 4, Figure 3). 

The interval between the onset of the 
of one bar and the onset of the afterimage of the 
other bar was set at either 0, 3, 5 7, or 10 see. 
each flash only one bar was displayed. 

a removable mask, Æ covered one bar 
flash and the other bar for the second fl; 


a 
annel 


afterimage 


For 
By means of 
for the first 
ash. 


ED X 
E 
PES 
z a 
: Mt 
> 20 F TRAN 
D DUM A: 
o = 7 i 4— —3Àá, 
DELAY (on seconds) 
Fic, 6. 


Mean correlation 


C for different 
different del 


5 Patterns at 
ay intervals, 


aper tape 

From the event recording, a pisielied pane 
was made for each complete trial. Each BE: ol 
list of Os for off seconds and Is for po after- 
trial time, thus representing the state p correlation 
image for each second of trial time. : sr compare 
program, used on a Modular 1 Compute jeu y 
the two tapes for each bar of the matten tion score 
second and thus gave the resulting corre a after- 
(the total number of seconds that the -hrony ial 
images were in the same state). Sy am previous 
each pattern was also calculated as i 
experiments. m » after- 
Pac of the four Ss recorded visibility of dei 
images for cach experimental condition. , delayed 
and bottom bars were alternated as i Only 45 
afterimage on successive trials for each S. he corre 
sec. of the trial time were used to calculate n fter the 
lation. This 45-scc. period started 15 wane p 
onset of the fir: fterimage and ran urit | This 
delayed afterim had a trial time of 60 SS recor! 
procedure was used to avoid Tempar while 
the visibility of the afterimage of the first b: 
anticipating the second flash. 


Results 


s out 
Analyses of variance were carried e 
both the correlation and DA an 
scores for each S, pattern, separatio 1 sy 
delay interval. Both correlation on 
chrony varied significantly from j^ ? 
to pattern, F (3, 9) = 349.4, p < ‘Ol, 
correlation; F (3, 9) = 173.8, p < ihat of 
synchrony. This result confirms , being 
Experiment I, synchronous visibility tatio" 
higher for two bars in the same ore rere 
than for a pattern of two bars in i score 
orientations, The mean correlation 36 9 
Were 38.6 sec. for two vertical be fof 
Sec. for two horizontal bars, 28.4 S° 


. for 
two bars at 90°, and 23.0 sec. fo 
bars at 45°, 


Ni 
~ » ; sig? e 
Correlation and synchrony varied 9 i 
cantly 


rd 

With the distance separating, j 
ars, F (2, 6) = 59.8, p < 01, and ag, 
=11.7, 5 < Qi These results yam Us 
With those of Experiment 1; the clo is 
ars are to one another, the greater $ 
Synchronous risibility. «o 

No Significant overall differen" ! 
found in the Correlation for differen ica" 
intervals. However, there was a e n io 
'atterng X Delay Intervals m oF 
F (12, 72) = 28 5 < 01. The mn dels 
relation for each pattern at a ca^ yO 
Interval is Shown in Figure 6. . al? y 
Seen that for patterns of two vertiCé 


on 


3 
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horizont; 
ME m the length of the delay 
Thiers en BUE eflect on the correlation. 
en did cw decrease in correlation 
Eu ue delay for a pattern of two 
; n 3 e another, and a larger 
Bem cl = increase in delay for the 
Er eus na bars at 45?. "This latter 
ES. uggests that the bars in a 45° 
are not interacting but are acting 


"dependently. 
E NS (correlation and syn- 
differ em i very similar results. They 
Period a y in their treatment of the 
Which is "is neither afterimage is visible, 
relation in iie as evidence of positive cor- 
cluded from E correlation score, but is ex- 
Synchrony n the effective trial time in the 
Score ati Thus the synchrony 
Pearances i meu some significant disap- 
s Ce dae the correlation score might 
'ere only ly inflated if the afterimages 
the i pd for a small precentage of 
between A Hiis Ihe good agreement 
9E these def, two scoressuggests that neither 
Parisons sa seriously distorts the com- 
and condi lade between different patterns 
itions. 


W 


Shifted Correlation” 


A sec 

TEI correlation score was calculated 
Shifteq Original tapes and was called the 
Was oe The shifted correlation 
Original n ated in the same way as the 
Stead of no score, except that in- 
Compared t same second in real time being 
ing Second or the two records, correspond- 
Mages w, s in the “life” of the two after- 
addeq Du compared. Thus 1 would be 
Mages the correlation score if both after- 
thej oo in the same state 20 sec. after 
Can ima Spective initiating flashes. One 
ias.) Sine the record for the second after- 
the he pee shifted so that the starts of 
Peri, n. yee mages are aligned. In Ex- 
afterim IV, if the visibilities of the two 
Shif e ages were independent, then the 
th See would be a measure 0 
» basa of the time courses between 
to be hie} ter-images and might be expected 
Mela ths ter than the correlations when a 
as imposed. Calculation of the 
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-10 um. 
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-15 

Fic. 7. The difference, in seconds, between the 


rig nal and shifted correlations for different separa- 
tions of the bars. 


shifted correlation is not made, of course, 
for the zero-delay condition, because when 
there is no delay the shifted and original 
correlations are the same. 

The difference between the shifted and 
original correlation scores was calculated 
for each pattern and is shown in Figure 7. 
Analysis of variance on these differences 


gnificant difference between 


revealed a si 
different patterns, F (3, 9) = 233.8, p < .01, 


but not for different delays, F (3, 9) = 1.6. 
Figure 7 shows that the shifted correlation 
is higher than the original for a pattern 
where the bars are at 45? to one another. 
The original correlation is higher than the 
shifted correlation for a pattern of two 
ars at all separations. The result 
shows clearly that for patterns in which the 
bars are in the same orientation, visibility 
of the two afterimages is not independent; 
one bar is visible at the same time as the 
second bar more frequently than such a 
coincidence by chance would allow. There 
is no evidence to suggest that synchrony 
in the appearance of patterns of bars at 
45° to one another is anything other than 
independent afterimages following the same 


time course. For a pattern of bars at a 
right angle to one another, the bars seem 
to be interacting at small separations, Le 
1° of separation or less. 


parallel b 


DISCUSSION 


own that synchronous 


The results have show : 
arily upon the orienta- 


visibility depends prim 
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tion and separation of the two bars pes ud 
the pattern. For two bars in the Samie Eni ; 
tion, correlation and synchrony are high; 
whereas for bars at 45° to one cog E 
chrony and correlation are -—— As b 
space between the bars increases, the DE 
tion decreases. For patterns of paralle bars 
or bars at a right angle, there is some type 
of interaction between the bars, so thi 
chrony is maintained in spite of delays in onset 
of one of the afterimages. For bars at a right 
angle, this interaction only occurs if the bars 
are 1° or less apart; whereas f. à u 
it is still operating at 2° of separation. „For 
bars at 45° to one another at all separations, 
the bars seem to behave independently, 

The results of Experiment II show that there 
are units sensitive to parallels or right angles, 
having band widtbs of approximately 3*-10*, 
This result is in good agreement with the 
results of Campbell and Kulikowski (1966). 
However, the results of Experiment III indi- 
cated that the initial decline from maximum 
synchrony for units Sensitive to parallels de- 
pends on the orientation of the standard bar, 
The units are more sensitive for two horizontal 
or two vertical bars (tolerance 2°) than fos 
two slanted bars (tol Th Experi- 


ment III, decline at 


for paral- 


at syn- 


or parallel bars, 


after the experiment to 
ments as to whether 
bars appeared Parallel or Not, the 
that for patterns where the Standard was 
vertical or horizontal the bars appeared parallel 
up to a difference in 


orientation of 2*, 
two slanted bars 


the bars stil 
parallel with a difference of 4°, 


Several other Psychophysical experiments 
have found similar di erences in detection for 
parallelism. " measuring the 
hr i ed that varia- 
bility was lowest in the regio 


Y reported 


An early 


1 in n of horizontal 
and vertical Positions (Rogers, Volkman 
Reese, & Kaufman, 1947). Roch; Y 


the sam 
90° the standard deviati 


whereas at 45° and 135° it was 39°, | 4 
(1967a, 1967b) found selectins", Andrews 
units tuned to horizonta 
for units tuned to obli 
Kulikowski (1966 
selectivity was hi 
obliques. 

The units selec 
bars of different or 


€ result: At go and 


ques, 
) also found th 
gher for verti 


tively Sensitive t, 


t s © parallel 
tentations, which 


have been 
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Superia 
" " f Expe 
postulated to explain the Pests onion to 
ment III, seem to be similar in rei 


ively tune! 
H : selectis $ 
units previously shown to be selet j^» rei 
i i ines or bi 
to the orientation of single lines or ky 
common finding in psychophysica 


; ions are 
that vertical and horizontal iere, 
better perceived than oblique ae and ol 
The total vis y of afterit 8 Mes hori- 
optically stabilized images of ver "At: , greater 
zontal single bars has been found to beg 1970; 
than that of slanted bars e ccu re- 
Schnidt, Fulgham, & Brown, 1971). u^ units 
sults make it seem likely that the san a 
are involved in the 

both single 


orientation. analys! 
and parallel lines. bars Of 
The facilitation between. parallel ber 
bars at a right angle, which causes — ed 
synchrony, must either involve spes d 
functional units in the visual system i 
tion of these two orientations or spec m 
nections between the functional units tha 


etec 
con 
ar 


jenta 
iaiia x 7 rticular orien“ 
sensitive to single bars in. particula „n show? 
tions. Ags the above results have bee i 


ur 
jewing 
: ic view 
for both monocular and dichoptic ; 


at 
; > st be a 
the hypothesized connections must 


” foun 
evel of the cortex. Atkinson (1970) 10° zs 
that a 


lowered | 


act 

, interac d 
i at one level there are ume y d 
between detectors for single orientati an 
at the second le 


: ar tO e 
angles detected, A system similar t0, th 


and Wiesel (1965, 1988) "adl 
the monkey may be pi cort 
i p. the outputs from "simple in tU 
Units feed into “ ' units which diffe” 
eed into 'Percomplex" units. T oe 
ences in angular selectivity found in heo : 
a lerimage experiments suggest that y Jé alle 
Widths of hypercomplex units detecting P. ji 


: cting $ on of 
Complex units dete ;ertic? 
detecting single ve 
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Three experiments studied tl. 
and serial position on sensory 
fulness and inversely related 
were found when me: 


he effects 


to phor 


length was increased fro 
the letters. 


m six to nine 

Recent models of memory (e.g., Atkinson 
& Shiffrin, 1968; Norman & Rumelhart, 
1970; Reitman, 1970) have postulated three 
storage systems: two stores (the sensory 
register and the short-term Store) that op- 
erate over brief intervals of time anda long- 
term storage system. Both experimental 
and physiological evidence may be cited in 
support of the contention that memory con- 
tains long- and brief.ter 
However, it is less clear th 
brief intervals of time invo| 
ably different Systems 
gists (eg. Morton, 
Johnson, 1971) | 
memory stores, t] 
long-term Store, 
the data, 

One Standard w 
to posit two proce. 
of certain vari 
time that may differ, 
If the Variables h 
gardless of the tin 
process is indicated ; i 
different effects 
multiple processes ; 

The present expe 
on sensory memory 
phonemic simil 
affect the time 
with short-term 
term memory 
Meaningfulnes 


1970; "eterson 
lave suggested th 
1€ Sensory register 
may be suffici 


& 
at two 
and the 
ent to handle 


ay of assessing 
sses is to Study th 
Over th 


€ int 


a single 
lables haye 


ested the effects 
of Meaningfulnesg | 
arity, Variables known to 
intervals usually identified 
memory (STM), Short- 
is facilitated by increases in 
S (Lindley, 1963; eterson, 
! Requests 
Peterson, De 
versity, Bloo 


for Teprints sl 
Partment of p 
mington, Indi 


hould be sent 
Sychology, Indi 
ana 47401, 


to M. J. 
ana Uni- 


memory, 


aningfulness was v; 
was manipulated. There was some e 


RY MEMORY 
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of Meaningfulness, phonemic similarity, 

Recall was directly related to meaning- 
nemic similarity, Serial position effects 
aried but not when phonemic similarity 
vidence of chur ing when the message 
letters and Ss were encouraged to group 


a pre 
Peterson, & Miller, 1961) and by p mar 
sentation of phonemically aissim 1965) 
terials (Conrad, 1967; bins ^ (Pete 
when articulation is not controle t that 
son & Johnson, 1971). To the Me rected 
Sensory and short-term memory ad be pre 
similarly by the variables, it wou t pe 
dicted that sensory memory b ness 
directly related to the meaning! M. 
the materials and inversely mx position 
Phonemic similarity. The seria sh seri 
effect also was evaluated, althoug on 
Position effects previously b 
Strated with sensory memory ( 
Meagher, & Ellsbury, 1970). iques ' 
The basic experimental reann Tie i 
in these Studies were essentially n e 
as the Procedure described in a mess? 
Paper (Peterson et al., 1970). a 1 an 
Six letters. (Experimen 


€ 


uration should be suffici po if 
cessing without masking effects., n. a 
Probes were used to test a (icone) 
Procedure clearly involves yen (ect 
memory but may recruit eae * op gel 
and articulatory memory as d of Spo 
contribution or the various ipn m 
Sory memory were particularly lik n th s 
elicited in Experiments I and 11. jette? nul 
Experiments Ss read aloud the in M } 
they appeared. The encompass! oe . 
Sensory Memory, was employed to 27, y! | 
edge the multiple contribution © 
ous sensory components. 
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MEANINGFULNESS i 
MEANINGFULNESS, PHONEMIC SIMILARITY, AND SENSORY MEMORY 


EXPERIMENT I 


me DEN I tested the effects of varying 
dom 2 valor of x-letter messages. 
P um contained two € VC (conso- 
Ed wane eed eti trigrams, both of 
Büclation Miss dei high or low in scaled as- 
eters per e le, Experiment I used six 
enn E ives age to restrict the message 
ihe ah 2 which probably was within 
tupie ib ia domain when the items 
esso. n ent spatial locations (see 
1970) a 7 ^ chap. 2; Peterson et al., 
Message T position was probed for each 
s ie total time for display of the 
Was prese m 1.5 sec. and the position probe 
ented immediately. 


Message w 


Method. « 
9007.9 A Seventy-two high-association-value CVCs 
%-3 2) and 72 low-association-value CVCs 
Norms, The wee drawn from Archer's (1960) 
A-V) We € high-association-value CVCs (High 


re c i : 2 : 
letter me. Ombined into 36 pairs to make six- 


(Loy A- 


“Cation ya 
UN 1 te we TERN probabilities were com- 
d and Sch ‘ requencies tabulated by Under- 
"ge transi ulz (1960). For each trigram, the 
Sition probability of the likelihood that 


Se 
thi.) COnd lette, 
hir bites Ctler would follow the first, that the 


ation 
Value: An Es 
y, and les were .13, .03, and .05, respec- 


"igrams wi 
an Srams pk 
High d 03. With low association values were .09, 
.06; and for the second 
TN re .10, .03, and .02. In 
"- ansition probabilities were higher for 

‘Aes, Messages than for the Low A-V 


and Low A-V messages were 
cks of 12 so that six High A-V 
pin ig were shown in €i 
fy or 3 ch of the six positions was 
i lise 2m High A-V and Low AV messages. 
e e was printed by an IBM 
hat «SIX copi I APEN, prefaced by three practice 
ach etter m of the printout were prepared 
Position six lists eh message could be probed 
s indistied Dus The target or probe 

" advanced y an arrow that appeared 
Tom the nex; One blank space separated 
Next message to give S a 1.5-sec. 


m eEon 
Des comp 
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Each message was displayed on a device con- 
structed from an IBM paper puller for 1.5 sec. or 
for an average display time of 250 msec. per letter. 
Three seconds were allowed for recall. 

The Ss were 24 introductory psychology students 
at Indiana University who participated as one 
alternative to fulfilling a course requirement. The 
Ss were assigned randomly to four replications of 
the block of six lists. 

The Ss read aloud the message as soon as it 
appeared and then tried to recall the letter that 
formerly occupied the position of the arrow, 


Results and discussion. The Ss recalled 
92% of the letters from High A-V messages 
and 85% of the letters from Low A-V 
messages, F (1, 1933) = 21.28, p < .01, 
indicating that sensory memory is influ- 
enced by the meaningfulness of the ma- 
terials. The data also showed a typical 
serial position effect, F (5, 1633) = 9.36, 
p «.01. The entire serial position curve 
for the High A-V messages was higher than 
the curve for the Low A-V messages, as 
shown in Table 1, and the interaction was 
not significant, F (5, 1633) = 1.57, p > .05. 

The percentage recalled was lower on 
the first block of 12 trials (8095) than on 
the others which increased from the second 
block (89%) to the sixth block (93%), £ 
(5, 1633) = 7.11, P € .01. A Tukey test 
applied to the mean recall for the blocks 
d that recall was significantly poorer, 
on the first block than on 
other blocks 


showe 
at the .01 level, 
the other blocks and that the 
did not differ. 

These results demonstrate that sensory 
like STM, is directly related to 
and shows reliable serial 
a single position is 

to reduce output 
al number of 
ithin the 


memory, 
meaningfulness 
position effects when 
probed on each trial 
interference and when the tot 
juxtaposed letters probably is w 


itv > memory. 
-apacity of sensory 1 y: . 
ARSE t L meaningfulness was 


zxperimen 1 
E using CVCs of high or zd as- 
sociation value, and, although 5 di not 
recall the three letters of the CV f s " 
unit, more letters were recalled from the 
high-a tion-value trigrams. Experi- 
ment II determined whether S could retain 
as many as nine letters if he was encouraged 
to treat the individual trigrams as units or 
Murdock (1961) suggested that 
was responsible for the facilita- 


ssocia 


chunks. 
chunking 
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o mà > INTS l II, AND IHI 
Eacu SERIAL Position or. MESSAGES IN EXPERIMENTS | ' 
FOR Ea IRIA 


PROPORTIONATE RECALL 


M. J. PETERSO C. E. EGER, A G. ROWN 
I N, ; AND G. G. B 


Serial position 


1 = 9 Overall 
Message S F A š A $ B". 
1 3 | 
ae Em — 
Experiment I E — 9i 
= 3 
7 .92 91 87 90 97 
High A-V 90 83 | .78 | 76 | i88 | ‘oy BEN 
Low A-V A E 
Experiment II me E. 
F 98 | 20 
96 D ‘ 
; (EE | O61 | ay) a | ge | 90 
Het A-N nO JE a | 36 | A8 | 49 | 39 get 
Low A-V . ES 
Experiment III — 1 
| 3 “30 
imi 7 75 15 73 | 5 
ically similar NE 19 4 75 45 E 
hona diatur 34 | dH AEDE | BI L1 
Note, A-V means association value, n" 1 
tion of STM when familiar words were 
used. 


The possible facilitation by chunking was 
particularly interesting in View of the 
limited capacity that has been ascribed to 
Sensory memory for materials occu 


pying 
adjacent locations, Mackworth (1962) 
suggested that from three to four digits 
could be read from 


visual sens 


(1970) set 
If Sq 


ory mem- 
the limit 
oes treat the 
all for all nine 
thermore, while 


ory. Peterson et al, 
at six to seven digits. 
trigram as a unit, then rec. 
letters should be high. Fur 
the recall of the tri 


trigrams might show a 
Serial position effect, the retention of the 
letters within a trigr 


am should not differ 
appreciably, 


If S does not chunk and the cap 


ited to Six 
ns of thes 
ability of rec. 
uld be q 


acity of 


e experi- 
alling the 
etermined by 
these items have been 
nger term store, 
at informat; 

sensory 
unless the information is 
recoded into a more permanent memory, 
The rate of Presentation of the materials 
in these experiments is so rapid th; 
cessing of the early material into 


processed into a Jo 
(1967) posited th 
available in visual 
a few seconds, 


a more 


son difficl 
permanent store might have yia t 
Hence, it was assumed that re rer in 6 
first three letters would be ae , unle 
Periment II than in Baperbme., ari 
chunking occurred for all three 


ZxPERIMENT II 
EXPERIMI trigrammi à 
Experiment 1I showed a encour 
nine lette 
Ss to chur 


: of 
that they would be asked to ee Jettef? je 
three letters, the middle gx mile 
the last three letters. If m xd tha jo! 
trigrams ag units, it was Exe a 
recall curves would show a ae 
effects between, but not i 
grams. On the other Log Pet 
memory encompasses only à ooth 
Seven adjacent letters, a ette? E 
Position curve over the nine ier fol 
be found reflecting sensory men 1 store 
latter letters and a longer d i 
the former letters. In addition, 


hree 
ormance on the first of the t 
of experimen 
Performance 


of Experime 
Method, 


TS per message. md 
nk the letters, they W 


an 
tha "1 
er of! 
t Il would be ae rig 
on the first of the ti 
nt [. 880% i 
— wiles 
Thirty-six new mgen trig 
values between 90%-97% and 36 EY A 
ASsociation values between 30%- nev 
from Archer's (1960) norms, The 


rr 


MEANINGFULNES 


trig; " n 
Bree combined with the High A-V mes- 
ollowed Re ecrunant I. The same procedure was 
Contained ni A Low A-V messages, Each message 
Probabilities pr ite nt letters. The transition 
Values given a ee first two trigrams were the 
gram, the ud os sabe I. For the third tri- 
ollow the fe n ities that the second letter would 
and Low AY ae -10 and .08 for the High A-V 
this E med the corresponding proba- 
Sikh ird letter would follow the second 
and .03, and that the third letter 


d. i i " 
:06 and .02, ombination of the first two letters 


Of a block ee 5 were randomized to the six cells 
Value meme varied high- and low-association- 
e Probed (frs with the position of the CVC to 
ge). Thee ii second, or third CVC of the mes- 
Printed on s copies of this randomization were 
V cach peau. paper, permitting each CVC 
ists, 4 Seb dcs tested once over the three 
copies of this Teeea tation was prepared, and 
ach Rn were generated. Again, each 
Es fee was tested over the three 
th Bix li x practice messages were used 
SIX Lists. 
deaur a ees for 2.25 sec., pro- 
Three PES lay time of 250 msec. per 
7 m M arrows indicating that S was 
Xe third tri. € letters of the first, the second, 
ad a 2 gram were shown for 4.5 sec. and then 


ach me, 


Th... PSychology 

T Were us courses at Indiana University. 
ock of d randomly to four replications 

ted to r ae lists. As in Experiment 1, S was 
ead the letters aloud. 


Resu 2 
{iso emo nd discussion. Experiment ll 
aa TS rec. eate that the percentage of 
AN, m Was higher for the High 
b ’ Messages’ (88%) than for the Low 
pe Ol, and (80%), F (1, 4945) = 74.88, 
in a serial position effect was 
F (8, 4945) = 22.88, p < 
+ the interactions was reliable. 
Eu. oo effect was examined 
‘med that dence of chunking. It was 
inq; rigram if Ss treated the letters of 
Hoe ‘dual ice a unit, the recall of the 
Nake Mer ers within each trigram would 
Teg, S these Pukey test was used to 
leq th Comparisons. In general, Ss 
t equally letters within each trigram 
` N dini: suggesting that Ss did 
PS ams as units. The one ex- 
rep te ed for the first letter of the 
higher men for this letter was 
an the recall for the 


le Seri 
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second and third letters of the trigram. 
When the average recall for the three tri- 
grams was compared, a decided recency 
effect emerged. The recall for the individ- 
ual letters of the third trigram exceeded 
the recall of any of the preceding letters, 
and the recall scores for the letters in Serial 
Positions 2-6 did not differ. 

The next question of interest dealt with 
whether chunking resulted in recall of the 
nine-letter messages of Experiment II that 
was equivalent to the recall of the six- 
letter messages in Experiment I. Hence, 
the recall of the trigrams in the two experi- 
ments was compared. 

The recall for the last two letters of the 
third trigram of Experiment II (Positions 
8-9) did not differ from recall of the last 
two letters of the last trigram of Experi- 
ment I (Positions 5-6). However, recall 
of the first letter of the last trigram in 
Experiment II (Position 7) was higher than 
recall for the first letter of the last trigram 
of Experiment I (Position 4), providing 
additional evidence for chunking in Ex- 
periment I. On the other hand, recall for 
the letters of the first two trigrams of 
Experiment IT was lower than the recall of 
the first trigram of Experiment I, F (1, 46) 
= 10.49 and F (1, 46) = 12.70, respec- 
tively, both ps < .01. The poorer perfor- 
mance in Experiment Il may have been 
produced by output interference or by the 
necessity to recode early information into 
a more permanent memory store. The 
conditions of Experiment I favored chunk- 
ing, but whatever chunking occurred did 
not reduce the memory load for the first 
two trigrams of Experiment II to 2 level 
comparable to that of the first trigram 1n 


Experiment L 
EXPERIMENT IH 

amined the effects 
of phonemic confusions in sensory memory. 
Short-term memory i$ adversely affected 
by phonemic similarity unless articulation 
E controlled (Peterson & Johnson, 1971). 
E III sought to determine if 


variable ex 


The third 


zxperiment _soug' : 
nate memory 1S similarly affected. 
E BW. six-lette essages. 
] . Each S saw 144 six-letter messag 
Method. ere prepared using the phis 


Seventy-two messages W 
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imi ^, T, C, G, and P, and 

pemicaly E WU E RM Ee dissimilar 
2 es MUR W,D,K,and F. The messages were 
euh ted by randomly ordering the letters of the 
gan ig type. Transition probabilities were 
ied using the method described for Experi- 
ERST “The probabilities of the second letter 
Een the first, of the third letter given the second, 
Ed. (the third letter given the two preceding 
letters were about the same for the dissimilar and 
similar trigrams. The respective LUE De 
first trigrams were .01, .01, and 03 for the dissimi ar; 
01, .02, and .03 for the similar. The values for the 
Bend trigrams were .02, -01, and .03 for E a 
similar; .02, .03, and .03 for the similar, hese 
probabilities were lower for Experiment III than 
for the High A-V messages of Experiments I and II 
and were either lower than or equal to the transition 
probabilities for the Low A-V messages of Experi- 
ments I and II. 

The messages were tl l : 
blocks of 12 trials with six phonemi 
and six phonemically dissimilar messa k 
Each of the six serial positions was probed once in 
a block for cach type of message. Six lists were 
prepared so that each serial p 


Osition within each 
message was tested over the six trials, 


hen randomly assigned to 


cally similar 
ges per block, 


These lists were printed on c 
lowing three practice messages, 
shown at a 1.5-sec. rate with 3 se 
The single position Probed dur 
cated by an arrow. 
1.5-sec. rest interva 


Omputer paper fo. 
The messages were 
c. allowed for recall. 
ing recall was indi- 
The trials Were separated bya 


l and longer rest intervals fol- 
lowed every 36 trials, The Ss did not read the 


letters aloud in Experiment IIT, because reading 
the letters would have de ately introduced audi- 


liber. 
tory and articulatory In Experiment Ill, Ss 


cues, 
wrote their res, 


t k pared response shects 
The Ss were 24 new Students fror 
Source. "They were assig; 


Results and discussion, The Ss recalled 
75% of the letters from th 


similar messages and 80% or 
from the Phonemically dissimil; 
F (1, 2024) = 1247, p < 01. TI 
nemic similarity appears to be 
related to performance in both sen 
short-term memory, There Was no eyi. 
dence of a serial Position effect 
nor did the serial position variz 
with phonemic similarity, 
tend to improve Over the 12 
(11, 2024) = 4.31, 


Experiment IH produced 
than either E 


l Poorer recall 
^Xperiment I o i 
II, probably 


r 


b i Xperiment 
ecause the transition r 

iP oba- 

bilities of the Second or thir "pe 


trigram conditi i 


y N 
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-ont III thani 
letters were lower for "x p f DN 
for the other experiments. ate tha 
tion would support the uem transition 
meaningfulness, as measured l » sory memi 
probabilities, does influence sens Da pilitië 
ory. However, the transition Pneu y 
were almost identical for the p 
similar and dissimilar messages dii diffe 
could not be invoked to explain type of 
ential recall shown for these two O 
messages in Experiment III. 


GENERAL DisCUSSION ciment. 

The evidence of these. three gfu : 
Suggests that similar effects of hee over 4 
and phonemic similarity are {ps vith sen? jd 
time intervals usually associated i M 
memory and short-term memory. No race. 
be more parsimonious to postulate í over P 
than two, memory stores operating ji 
intervals of time, t Wic 

However, it must be noted ura rel 
(1965) found evidence of d ile Pete 
Ships in short-term memory W of assoe 
etal. (1970) found little evidence € "his 
relationships in 
crepancy m 


sensory RISO gn 
ay have occurred qe 
gren presented nine letters and AN ickelé phe 
plete recall, Thus, it is likely that store, A 
Procedure tapped a longer term s sime 2 
Peterson et al. study used e resent [i 
the Procedures employed in ee desig" or 
periment. [n another enpe men ia F 
investigate ` Very-short-term" Sea 9 
memory, Wickelgren and W hime ! 
Not observe associative pens ag ng? ; 

In Summary, the evidence pe indi! Pie 
three experiments mirrored Up thu" gp 
the Short-term-memory arn tha des fon 
Viding support for the contento ad t n 
brief Memory store may be pen j 4 
what has been identified as rtion? hoje 
register” and at least the early e M 
Short-term Store. The abnuit if “o 
term store which span longer t! E 
May involye verbal encoding rati pro at 
transformation, Such cire 9. ted 
occur with the present meth i 
Sensory 


A he rest 
memory” despite th 
sentation time, 
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This experiment investigated the role of 
response representativeness on the tempo 
and response recall of verbal items. The 
or nonrepresentative common words wi 
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stimulus-recognition test and free- 
terms. Response representativeness 


stimulus meaningfulness (M) and 
ral course of stimulus recognition 
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recognition ees facilitates subsequent 
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cept for 2 to some available con- 
assumed ihat i. is representative. They 
effectively ^ z le representative response 
tion in the eti re Sas to what informa- 
cA p us he may easily encode. 
account, Winch Elie assumption in this 
called a co; 1 Ellis (1972) subsequently 
that the ite coding hypothesis, was 
Sponses to Ta of associating verbal re- 
Initial SF oa is dependent upon the 
relative cece c) of the stimuli, with the 
Sreater witl ü of associative training being 
Ability is ^d the less codable stimuli. Cod- 
erring 15 AN here as a generic term re- 
e.g. Else class of stimulus properties 
Control the - Associative, linguistic) which 
May be vires with which stimulus items 
he hypott a in memory. More generally, 
Whether ais assumes that any mnemonic, 
Tesponse t involves imagery instructions or 
ACilitate beta properties likely to 
Vill also 1e linkage between two items, 
en Pious its greatest relative effect 
impoverisi encoding with stimuli that are 
dificul ane fractionated, or initially 
| Secon oe 
Us } in ur concerns the role of stimu- 
gh PN i of verbal materials. 
te ca that stimulus M can 
B T unn of visual shapes, this 
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Ble is, 1969) ler, & Tosti, 1966; Feuge 
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recognition, If associating 


responses to verbal stimuli does facilitate 
stimulus recognition of verbal items, as is 
the case with visual pattern stimuli (e.g., 
Ellis, 1968; Ellis & Daniel, 1971), then one 
issue is the locus of this effect. Attempts 
to account for this effect may be classified 
into two categories, one focusing on the 
role of the associated response at the time 
of recognition testing (e.g., Price & Slive, 
1970) and the other focusing on the role 
of the response during associative training 
(Ellis, 1968; Ellis & Daniel, 1971). The 
first type of account. emphasizes the im- 
portance of the response as a retrieval cue, 
whereas the second account emphasizes the 
processes of stimulus selection and encod- 
ing. Although Ellis and Daniel (1971) and 
Daniel and Ellis (1972) obtained strong 
evidence for an encoding rather than a 
retrieval interpretation, this experiment 
provides additional evidence on this ques- 
tion when the stimuli are verbal items 
rather than visual patterns. These two 
rpretations are evaluated by comparing 
oral course of stimulus recognition 
recall and by examining the 
rse of recall given stimulus 
recognition. If response recall is forgotten 
at a rate faster than stimulus recognition, 
and if the probability of response recall 
given stimulus recognition decreased over 
time, then the evidence would be against 
the view that stimulus recognition is medi- 
ated by the response serving as a retrieval 
cue, because stimulus recognition will occur 


even when the associated response mate is 


not accessible. 
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the temp: 
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deles were combined ina2X2*X actoria! 


design- 
The expe 


riment was conducted in two peo 

"ng pretraining all Ss were given eight paired- 
DE PA) anticipation trials to learn a list of 
associate € ; The stimulus terms Were trigram 
te f sither high or low M and the response 
ls) were common words which were 
entative OF nonrepresentative of the 


eight 
doublets o! 
terms (label 
either repres 


7 HENRY C. ELLIS AND E. CHANDLER SHUMATE 
2 


TABLE 1 
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RAM DOUBLE’ 5 
REPRESENTATIVE AND NONREPRESENTATIVE 


RESPONSES 
Responses 
a Representative | Nonrepresentative 
High meaningfulness 
7 
1 FORM 
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RIBHUT | RABBIT z 
LAWSIR LOSER i 
RUMWIG RUM? GE 


n d E 
MEDVAN | MAID 

SUMMAY | $ 
DENGIT 


SUNDA | 
DINGY | 


Low meaningfulness 


NEJWOQ | NETWORK 

YIWFEP | YIPPIE 

TIJFEQ TIGER | 

RUVCIJ RUBBISH 

BUVGE] BUDGET 

QUIGEC | QUEBEC i: 

JUOXIH JUSTICE LOW 

MOJZUV | MOTIVE CONFORM 
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bining factorially two level 
levels of response 
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5 of stimulus M 
Tepresentativeness. 
blets (pairs) formed 1 
or two low-M CVC consonant- 
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shape recognition, 
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TABLE 2 
N CORRECT ANTICIPATIONS ON Last LEARNING TRIAL 


Retention interval (in days) 


Sti i i 
: imuli | Responses | 0 | 2 | 7 14 
High meani | | : = 
aningfulness | Represe: iv | 3 
n | Representative 8.0 | 8.0 8.0 8.0 8.0 
OW meaningfulness | Nonrepresentative 6.0 | 6.2 54 SL 5.0 
glulness | Representative so | 8.0 8.0 8.0 8.0 
Nonrepresentative | 4.2 | 3.0 4.8 47 
| | i 2 


| 3.8 


Oihe ersari 
Was snnt Terminal performance 
"esentativen, y correlated with response rep- 
ess, regardless of the meaning- 
the stimulus terms, when the 
PUN were representative of the 
erms were ae when the response 
We ot representative, performance 
T and was correlated with stimu- 
QU latter interpretation is sup- 
“sponse Re significant Stimulus M x 
_ presentativeness interaction, 7 
aà nonsi nif ds ,b < 001. In addition, 
= P: eg delay effect, /^ (4, 180) 
a given ke >, indicates that performance 
ari Xperimental condition, for the 
elay intervals, while showing some 
p ssentially comparable at 
A training. These data are of 


MEAN CORRECT RECOGNITIONS 
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O LOW STIMULUS -M: NON: 


RETENTION IN 


Bre: i Stimulus-recognition pe 


response representativene 
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rformance às à fu 
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little interest since the data of primary 
interest were the scores on the recognition 
test. 

Stimulus recognition. The data of prin- 
cipal interest are the stimulus-recognition 
results portrayed in Figure 1. This figure 
is a plot of the mean number of correct 
stimulus recognitions (calling an old stimu- 
lus old") for the conditions of the experi- 
ment. Since this was a five-item forced- 
choice task, chance performance was 1.6 
recognitions (20%) and performance was 
substantially above chance for all experi- 
mental conditions. 

Inspection of Figure 1 reveals no evidence 
of a loss in recognition performance over 
the delay intervals employed. Although 


small fluctuations in recognition perfor- 
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RESPONSES 
RESPONSES 


REPR. RESPONSES 


netion of stimulus M, 


h of retention (delay) interval. 
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mance appeared, e a NEUE 
neither systematic nor k ee 
= Dua m cH [oem the delay 
E use fia not interact with either stimu- 
lus M or response representativeness, mop 
did it contribute to a significant — xX 
Stimulus M X Response Representa E 
ness interaction (all ps > .05), thus attes - 
ing to the temporal invariance of the stimu- 

= nition functions. 
“Capea facilitating effects of stimu- 
lus M on stimulus recognition are evident 
with Ss correctly recognizing an average of 
86% of the high-M items and only 53% of 
the low-M items. This difference was 
highly reliable, F (1, 180) = 170. 28, p < 
.001. Similarly, the effect of response rep- 
resentativeness on stimulus recognition is 
evident with greater recognition of trigram 
stimuli which were associated with 
sentative, in contrast to nonrepresent 
responses. Although this effect w. 
pronounced it was reliable, 
3.17; p < .025. 

The importance of res 
tiveness, however, 


repre- 
ative, 
as not 
Fil, 180) = 


ponse representa- 
as a factor facilit 
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à vis imu- 
portrayed in the interaction betw wee 
lus M and response paw à 
Figure 1 clearly shows that owe v 
representative response to a 5 t stimulus 
viously aids the encoding of t n ion, whi 
as estimated by stimulus -— 1 o they’ 
the stimuli are low M but zol Response, 
are high M. The Stimulus M ada velia 
Representativeness interaction w: 
F (1, 180) = 17.23, p < .001. ves in the 
It should be noted that e rm PA task 
degree of original learning of E ferent 
do not, of course, account for diffe ore 


recognition. os là free rel 
Free recall. The results of th centage p 
test showed that the mean pey E. 
recall of responses for the five d M an 
tions, averaged across stimulus S " 
Sponse representativeness, was "pu. Th 
55%, 39%, and 27% for the 0-, ^^ 
and 28-day de 
in these data is 


i 
ant ite 
: : . hich 0^ 
loss in retention over time, wh 0 


à 5, f ^ B 
| : i ating reliable here, F (4, 180) — 60.45; get"! 
the encoding of a stimulus is most vividly but in the fact that systematic 
T T | 
gL 
es =é 4 
a s- 
8 7 
E 5 
= B 
g 1 
T 4L =| 
i= 
o 
g 3r g 
La 
S eL 4 
z 9 HIGH sr, 
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2 days 7days 14 days 28 do 3 
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eness, and le 


a function of 
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l4days 28 days 


o 2days 


7 days 


RETENTION INTERVAL (cube root, min) 


Fic. 3. Conditional probability data as a function of length of 
retention (delay) interval. 


of g 
le re e : R 
esponses, given stable stimulus- 


Tecoon:,: 
it evident Performance over time, makes 
does not LE free recall of the responses 
mediati, E as a reliable retrieval cue 
Mance, tied stimulus-recognition perfor- 
Or those Se recall of responses was greater 
rather "s responses associated. with high- 
11.31 pes low-M stimuli, F (1, 180) = 
Small’ m P -005. Similarly, there was @ 
represent reliably superior free re ll of 
SPonseg — over nonrepresentative Te- 
id not nm though these response terms 
3.89, n differ in frequency, F (1, 180) = 
Secondar 3 05. "These latter results are of 
Portanc e? interest since the principal im- 
"tention a the free-recall data is their 
the Eo over delay intervals given 
: ided tear isi of recognition. 
ata is pre all. A plot of the aided-recall 
Regardless of 


ai 
Stimul s Sented in Figure 2. 
me of the Lh ce which are representa- 
oy ally no m are readily recalled with 
gen, Suc "orgetting of these responses 
oc g of MN intervals, whereas for- 
Sen EI T Vies nonrepresentative responses 
tgo tive res Superiority of recall of repre- 
l). xs Joa an is quite reliable, 7 (1, 
is Response Re a Ls aned EL Delay 
lable F presentativeness interaction 
| F (4, 180) = 349, p < 01, 


kh 


which reflects the difference in forgetting 
rates for the two types of responses. 

The comparison of greatest interest here 
is the pattern of aided recall of responses 
in relation to stimulus recognition over 
time. Stimulus-recognition performance 
remains essentially invariant over time de- 
differences in immediate recognition 


spite 
for the different experimental conditions. 
In contrast, aided recall declines depending 


representativeness as well 
as stimulus M. Taken together, these 
findings argue against any view which 
contends that stimulus recognition a£ the 
time of recognition testing is somehow de- 
pendent upon retrieval of the associated 
response terms because response recall is 
progressively weaker under conditions in 
which no loss in stimulus recognition occurs. 

Recognition-Recull contingencies. Since re- 
e recall is weakened under conditions 
stimulus recognition remains 
vidence is against à simple 
mediated account of stimulus recognition. 
"Ta augment this interpretation, conditional 
lac recall and recogni- 
pus ‘igure 3 presents the 
e cui es and reveals two 


portant fee 


im] 
tematic and re 


upon response 


spons' 
in which 
stable, the ¢ 


es involving 
xamined. I 

probabili i e 
tures. First, there is a sys- 
liable decline in the propor- 
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tion of correct iom lu rapa dr. 
nition of the corres 1 , 
E 180) — 44.88, p « .001. uds 
crease occurs for both the free- and ai ed 
recall measures although the pe is 
faster for free than aided recall as re ih 
in the reliable Task (free vs. aided reca 
X Delay interaction, F (4 180) = 7.90, 
p < .001. This simply indicates that the 
relative importance of the stimulus item 
as a retrieval cue increases with the length 
of the retention interval, _ More impor- 
tantly, the steady decrease. in these condi- 
tional probabilities, especially aided re- 
sponse recall given stimulus recognition, 
argues against the notion that Stimulus 
recognition is in some way mediated by 
recall of its response mate at the time of 
recognition testing. 
The second interesting finding 
3 concerns the reverse 
proportion of correct stin 
given either free or 


of the responses. A nonsignificant delay 
effect, F (4, 180) = 37, p > -05, indicates 
no systematic change in this measure across 
retention intervals, The Probability of 
correctly recognizing a stimulus given re- 
call of the response was .71 at the immedi- 
ate test condition and .72 a 28 days, 
and while the contin i 

high, it reveals si 
aided recall of a re 


in Figure 
contingency, the 
nulus recognitions 
aided correct recalls 


Discussioy 
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dependent of associative trainj 
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stimuli, re 
facilitated 
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ns the interaction between 
response representativeness 
ition. In the Case of high-M 


S; In Contrast 


US recognit 


Boe a oe with 2 ion, This inter. 
action is in accord With the Conceptual codi 
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hypothesis (Ellis, 1972. E is & ] E 


if the M value of the sti 
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one index of their High-M 
stimuli are readily encoded and hence do not 
benefit from any unique enco 


dings Suggested 
On the other 
e less easily encoded, 


by the represent 
hand, 


sug- 
and therefore, encodings produced onal 
gested by a representative do MER LL the 
to more rapidly or effectively  esentativé] 
stimuli than is the case with nonrep 
responses, : „recogni 
This interaction parallels expen o 
tion findings previously d 1965. 
to stimulus complexity (Ellis & 1988 Experi- 
Experiment I), stimulus M (Ellis, ] (Ellis & 
ments I & II), degree of d number 
Daniel, 1971, Experiments I & Il), "aii 1972, | 
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Experiment II), where visual a indicat? 
were employed. These four stuc T ATTE re 
that the relative effects of ges 
resentative responses to stimuli or 
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Sequent recognition of the stin 
to either 


with 
creased with 
fewe 
incre 


tions 77. 
memory, respectively. All four p ne difi 
be scen as conditions which increas 

culty of e 
incre 


ni 
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ncoding the stimuli, d TE 
asing demand upon memory 


e COT 
T i s > the ic 
relationships are all predicted by 972) M. 
tual Coding hypothesis (Ellis, i 


: uli at 
Proposes that easily encoded stimul when 
coded Virtually free of their opiten S g y ait 
Contextual factors become inti] coda 
Portant with a decrease in the initia ^ 
of the stimuli, Ead resp? gn 

Bower's (1970) failure to T nous? ; 
effects on stimulus recognition of likely pich 
associative-learning task is moat jjo » 
to the high-M Property of the ! 


ns 


once © gee 
are already easy to encode and D respoP aE 
benefit from encodings suggested 2 at stil" fof 
Similarly, Martin's (1967) finding t ks io? ew? 
Fecognition was unaffected by m [ ef 
mation is understandable in ak oyt on 
actors. The trigram stimuli em! P^ ene 
only Moder. 


and the 
ate in stimulus M and t^! 


D 
er: :onshif 
' digits, bore no relatio! x 
Stimulus terms, 


The More ge 
that Prope 
the mann 
encoded q 
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neral significance -an 
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ries of an overt respon igit ei 
er in which a nomina g is wre 
uring associative learn” of 2. gf] 
twofold. First, the encoded ae ive) gd 
stimulus following A.B (represen the 
Clative training is not the same a uS A 
version of the same low-M stimu desP 
A-B (nonrepresentative) teak Al 
Nominal identity of A in both list 


RESPONSE BELONGINGNESS AND ENCODING TRIGRAMS 
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ar tc ; Santora tliar may accompany 
precisely an a versions of A cannot be 
as a result Te pene it must follow that A 
contains ae ; (representative) training 
utes than - P i y more features or attri- 
those mom otherwise, at least more of 
Stimulus Pcr Which are necessary for correct 
obvious im Juan. Second, this finding has 
Ploying ea Lr for transfer studies em- 
at the dud = A-C paradigm. To the extent 
then jt Follow dE of A is response dependent, 
BC liarnin s that the encoding of A during 
Coding m may differ from whatever en- 
ers TAS oy during A-B learning. 
ependent Te ing of A is likely to be response 
Serve to d enm the onset of A-C learning may 
in A.B Jes pt the encoding of A established 
n which ES In contrast, under conditions 
Pendent pan one of A is minimally de- 
*C'learnin the response, then the onset of 
the Signed eri A-B) should minimize 
evelop if ü that a new encoding of A will 
flectively he already acquired encoding will 
Coding of teas the response. Since the en- 
textually mi stimuli is much more con- 
Stimulj Sm gee it follows that such 
Wing het ee likely to be recoded or altered 
for this is in ne Although the evidence 
irect lene HOgt (e.g., Bryk & Kausler, 1966), 
Stimulj hav of recoding nominally identical 
& larin ë not been promising (e.g., Goggin 
1979)" Pe. 1970; Williams & Underwood, 
Well ake npe Martin's (1971) admonition is 
Provide s in that rough tests of recoding may 
Clear ea ees negative results. Given the 
k imuli in à for response-dependent encoding 
Coding in n Ms study, the concept of stimulus 
rther Ho ek transfer paradigms should 

The " 2 amined. 
lus y Cond finding of interest is that stimu- 
finding seis stimulus recognition. This 
Studies Sti! been demonstrated in several 
ps; zi Ploying shape stimuli (e.g. Ellis, 
aeg Slive 2. 1966; Feuge & Ellis, 1969; 
&stimul, 970) and is the case with both 
et as esti S and forced-choice measures aS 
“Ine nie of recognition memory Ob- 
dy Stendal Oitseton parameters. | This 
» io. the generality of this finding to 
m oo Ere „stimulus recognition 
re ational? The simplest interpretation 
US recog hip between stimulus M and 
Which ua emphasizes that the ease 
ae, sentation of obtain a stable encoding or 
Uracy, of 9l a stimulus determines the 
Uli are Stimulus recognition. High-M 
More likely to be encoded as a 


ies 
ripy. 
of ja 
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unit whereas the encoding of low-M stimuli 
is more likely to be fragmented or only 
partially encoded. Theoretically, the role of 
stimulus M can be conceptualized in terms of 
the number of variable encoding responses 
(e.g, Feuge & Ellis, 1969; Martin, 1968). 
Alternatively, we propose that the role of 
stimulus M can be viewed simply as a factor 
determining the rate or ease with which a 
stimulus may be encoded without assuming 
the development of variable encodings during 
associative training. Thus the effect of stimu- 
lus M on recognition (as well as associative 
learning) may be conceptualized simply in 
terms of stimulus processing time (or duration) 
required for S to obtain a stable encoding, with 
stimuli of lower M values requiring longer time 
to achieve such an effect. Moreover, although 
low-M stimuli may clearly require greater 
time for the development of a stable encoding, 
this increased encoding time does not necessarily 
imply the concomitant of increased encoding 
variability. 

Finally, the results of the experiment provide 
additional evidence concerning the locus of 
response context effects on stimulus recogni- 
tion. Although it appears unreasonable to 
assume that a stimulus-recognition test neces- 
sarily bypasses retrieval processes, the ob- 
served lack of a relationship between stimulus 
and aided recall of responses argues 
against a mediational or retrieval interpreta- 
tion of stimulus recognition based upon recall 
of responses at the time of stimulus-recognition 
testing. The fact that aided recall declines 
under test conditions in which stimulus recogni- 
tion remains invariant with time, coupled with. 
the results of the conditional probability 
analyses, is completely consistent with the 
findings reported by Ellis and Daniel (1971) 
with shape stimuli and extends the generality 
of these findings to verbal materials. These 
results lend support to the view that the 
effect of a response on stimulus recognition is 

-ø the initial encoding of the stimulus an 
dune orsist during the retention 
that such effects pers s 
intervals employed. 


recognition 
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METHOD 1 | 
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org" jv 
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26 volunteers from two eo! 
ate Psychology 


Spp 
Iniversit 
Courses at the University 


f. 
Materials od 
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Stimulus Materials consisted of each " r 
complex embedded English n A of the, D 
ing four unambiguous ideas, Thre ose 
complex sente $8057 A 
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7 s "ip 
analyzed into | ie 
entences. These ed form 2 dé 
Dressed, in Appropriate grammatica ch ro ca ol ji! 
Semantic idea, Thus, The rock cg e I" 
the Mountain crushed the tiny hut at ollet do? 

Sed was Partitioned into The rock ! 


mountain, T, 
occ MM iege crushed the hut, The hut was tiny, 
declarative Aa ris the edge of the sea. These simple 
into new EL es (ON ) were then recombined 
es expressing two ideas (TWOs), 
), or four ideas (FOURs). 
y were the original sentences. 
Senerated from e TWOs, and four ONES ae 
Ind these wor ene original FOUR in this manner, 
recognition lists pos to Sonstruge acquisition and 
9 as an “idea. M hese 12 sentence will be referred 
tained Evo ONE. d " The acquisition list con- 
Selected ra k s, two TWOs, and two THREEs 
ONEs Twoenly from their respective pools of 
his restilied 3 and THRE in each idea group. 
Constraint ur. fà es of 24 sentences. With the 
Toup should a Aa 2 sentences from the same idea 
"ere Tandoimizea o consecutively, the 24 sentences 
The NUS zed for presentation during acquisition. 
Of the six EAS list was constructed as follows: 
not select Chee sentences in each idea group 
THRE 4 for acquisition, a single ONE, TWO, 
(“new ' and FOUR were picked for recognition 
THREE 'perences). A single ONE, TWO, and 
rie to the same idea group were 
,28 mene a a list (“old sentences). 
ac As in t Ces were selected for the recognition 
When ther, 1€ selection procedure for acquisition, 
lion UE eS Was more than one to choose from, selec- 
Added CNET out randomly. To this list were 
BET defined as Sea amd two noncases. A passive 
RAMS gramm; a FOUR which. had undergone a 
ation c lan sara transformation. The transfor- 
ie tly, BEG the structure of the FOUR con- 
E. The ce S id not substantially change its mean- 
the € Sea Dee S were: (a) The tiny hut at the edge 
the Mountain, m i by the rock which rolled down 
was ded s brown cat which jumped on 

tio, P Oncase Hh a y the barking dog. 
o "ships dmi as defined as a FOUR in which rela- 
üs chans grammatical units were changed 
siti a b. “'e the meaning of the sentence. This 
on; Witching dependent clauses or prepo- 
ie within the original FOURs. The 
cat Fh) The barking dog which chased the 
‘Paber ate ihe i the girl. . (b) The ants on the 
Baa the ad s Sweet jelly which was in the kitchen. 
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number of fingers on E's right hand. After this 
interpolated task, E asked a very brief question 
about the sentence and Ss wrote down their answers. 
This procedure was repeated for each of the 28 
sentences on the acquisition list. Appropriate 
counterbalancing was used to control for possible 
order effects in list presentation. When the list 
was completed, Ss were allowed to rest silently for 
5 min. During acquisition no mention was made 
of any recognition test. 

Recognition. During recognition Ss were told 
that a new set of sentences would be read to them 
and that these sentences were closely related to the 
set of sentences presented in acquisition. In the AT 
condition their task was to indicate which sentences 
they had actually heard before and which ones they 
had not, while in the MI condition they were to indicale 
whether or not a particular sentence had exactly the 
same meaning as a particular sentence heard before. 
For each sentence, Ss indicated whether they recog- 
nized it or not, according to the instructions they 
received, by first marking a yes-no scale and then 
a 5-point confidence scale ranging from “very low” 
to “very high" confidence. This procedure was 
repeated for each of the 32 recognition sentences and 
constituted Trial Block 1. After a brief pause, E 
continued through the list a second time, in the 
same order. The second reading constituted Trial 
Block 2. Again, counterbalancing was employed to 


control for order effects. 
RESULTS 


Data for Sentence Complexity 


Noncases and passives were analyzed 
In all analyses, the dependent 


separately. P 
ence 


variable was mean recognition-con 
score, determined as follows: 

1. Each S's responses to the yes-no and 
r each sentence Were 
converted into a single rating. A plus 
(+) was assigned to a yes response and a 
minus (—) to a no response. The + or — 
was multiplied by 5's numerical respon 
to the confidence scale for that cca 
This resulted in an 11-point recognitioi 


i —5 to +5. 
anging from —? 
nfidence scale rang! 
$ ratings was then pooled 


2. Es f these the 
A i (a FOURS, THREEs, TWOs, and 
ONES, (b) noncases, and (c) poen d 
spection of the data revealed no di terene i 
in either the AI or MI condition, between 


recognition sentences that appeared a 
quisition and those that did not (o : 
new sentences). Therefore, the old-new 
factor was collapsed for subsequent 


analyses. 


confidence scales fo 
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Sentence Complexity 


ntence complexity appear 

: pos m "The data were cast into a 
as A gies fco design with instructions 
(MI vs. Al), trial blocks ü and 2), and 
B complexity (FOURs, THREES, 
WOs, and ONEs) as the factors. — he 
Everall analysis of variance yielded signifi- 
nt F ratios for sentence complexity, the 
raston x Sentence Complexity inter- 
action, and the Instructions Pd Trial Blocks 
XSentence Complexity interaction. A 
linear trend analysis was performed to 
determine whether the slopes of the sen- 
tence-complexity curves under AI and MI 
conditions were different. Results were as 
follows: : 

1. A significant linear trend was found 
for sentence complexity, F (1, 24) = 61.73, 
p «.001. It can be seen in Figure 1 that 
the main contribution to this effect comes 
from the AI condition, which 
cates the findings of Bransfor 
(1971). 

2. A significant intera 
between instructions an 
for sentence complexity, 
p «.001. As Figure | shows, the curve 
for sentence complexity in the MI condi- 
tion was considerably higher than the 
curve in the AI condition and its slope was 
virtually zero, 

3. The line 
of Instruction 


clearly repli- 
d and Franks 


ction was found 
d the linear trend 
F (1, 24) = 36.30, 


ar second-order interaction 
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Fic. 1. Mean recognition-confidence r: 
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complexity. 


and sentence 


az 3 24) 5g 
Complexity was significant, ka te 
5.56, p « .05. Thus, the di "AT curves 
tween the slopes of the MI and 7 | blocks: 
became more pronounced over m thet 
Inspection of Figure 1 shows ont curve 
curve was even flatter and the 
steeper on Trial Block 2. vealed Dy 
In addition to the effects es dily ap 
statistical analysis, it is also or ij 
parent from Figure 1 that já e rating? 
FOURS are as high or higher tha nplesi 
at all other levels of sentence eite find- 
in both MI and AI conditions. ated ideas 
ing confirms that Ss integrate re 3 tion. 
into a unified semantic representa 


Passives and Noncases 


s o 
cial tyPe 
Data for each of the two specia ed 


4 miš 

ing à A 
sentences were analyzed geo plocks 9 
design with instructions and triz led ° 
factors. 


vealet p 
Results for passives re tons 
significant main effect for gem rati d 
(1, 24) = 96.92, p < 001. Mea 48 at 
collapsed over trial blocks, V nditions ion 
—296 in the MI and Al con 1 conditi 
spectively. Thus, Ss in the M! ES med 
Were very confident that passiv present. 
the same thing as some por f Eri 

uring acquisition, while Ss des they P. 

ition were quite confident wen o p 
not heard passives earlier. ec anth Mee 
cases showed no significant ect oft: | 
ratings, collapsed over trial pur DT 
—243 and —1,7 in the MI aim 
ditions, respectively, Therefore 
Were as confident that they ha qui 
noncases as were Al Ss. 

Incidentally, it should be 
when the data for the experimen i 
Were reanalyzeg using percent con dl 
responses instead of peo statl? 
ratings, the pattern of penal ex ine 40 
analyses proved identical. TMS ati 


is gr 
that the confidence rating is * 
measure, 


Tu 
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iscussed in terms of instructiona ng wi 
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Fecognition phase of the experi 
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Ye recalled 3 " 
included in iud passives and noncases were 
Pose. Co the recognition list for this pur- 
expected ead first the passives. It was 
attend to ds in the AI condition Ss would 
of the vmi and to structural aspects 
x "nee chile i Lr 
they would rey while in the MI condition 


he recog attention only to meaning. 


Support (| es 
Passives p 


na o coniidenge ratings for pass 
at prediction, In the AI condition, 
se a igi ratings of any of 
Hn struere | pass ves differ consider- 
Tom other s € but very little in meaning 
fending to struere c Ss must have been at- 
the MT Nee iini as well as meaning. In 
"eceived UE on the other hand, passives 
that Struct y high positive ratings, showing 
role i vural differences played little or no 
results ine Thus, the pattern of 
Pondition 2io* complexity obtained in the 
Ces in sent cannot be attributed to differ- 
t still nia form. 
* condition a ue argued, however, that the 
jo Ponse bias nerely gave rise to a positivity 
t attention. PENE that Ss were paying 
o any and all distinguishable 
"s sentences. If this were 
ie € in form p» 1 differ grossly in meaning 
than tected less Aa other sentences, should 
AI requently by Ss in the MI 
ap EM In other words, 
Condition AES ratings for noncases in 
* than tine be significantly more 
or ‘Asus n the AI condition. The 
ias, «n. rule out the existence of 
! not stati eed, the observed trend, al- 
S were ben aly significant, indicates 
condition. at detecting noncases 1n 


en 


D 

WY ect of 

: af Instructions 

Anq pS su 
Pranks (lores earlier that the Bransford 

gh typ 71) findings were based on a 
y Hise ht of instructions and conse- 

I heir results may have little to 


lm 
; Canin ^p 
li 8. The purpose of the present 


D 
a Case. On the one hand, 1 


tings 

MN es hair conditions, FOURs received 
Cult Dem compl higher than all other levels 
j TA e d furthermore, 5s hac 
OWever nating old from new sen- 
te p|, COmplesi the relationship between 
“tings ei xity and recognition-confi- 
"anged considerably in the MI 
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condition. The sentence-complexity curve 
was essentially flat in this condition; the ratings 
for FOURs, THREEs, and TWOs were prac- 
tically identical. While the ratings for ONEs 
appear to be somewhat lower than the ratings 
for other levels of sentence complexity in the 
MI condition, an a posteriori comparison of 
the ONEs against the average of the other 
levels in that condition (collapsed over trial 
blocks) revealed no significant differences 
(p > .20). The important comparison be- 
tween the MI ONEs and the AI ONEs was 
highly significant ($ < .001). 

Furthermore, the finding that the MI curve 
becomes flatter and the AI curve steeper over 
trial blocks is additional evidence that reliable 
and fundamentally different processes operate 
under the two conditions. Under the circum- 
stances, it appears that further information 
made available on Trial Block 1 enhances 
different processes already initiated during 


acquisition. 
How are we to interpret these findings? 
Obviously, the results show that the linear 
effect is not replicable across all types of in- 
s relevant to the task. This is inter- 
ht but not very revealing. 


might be as follows: 


struction 
esting in its own rig 
A possible explanation 
Under MI instructions, Ss are able to generate 
representations from the holistic 
representations of inputs, 
across all levels of 
Or, and this may be 


another wav of saying the same thing, 5s can 
determine whether the representation of an 
input matches any part of the complete idea; 
this would again result in high ratings across 
all levels of sentence complexity. In either 
the outcome confirms what common 
If an individual has 
memorized a complex 
idea, he can "recognize" any part of it. In 
light of this, the explanation for the linear 
effect offered by Bransford and Franks (1971), 
namely that recognition is a function of. the 
number of basic ideas in the integrated idea 
exhausted by the semantic representation [9 
the input, is unrealistic. If true, it woul 
mean that individuals are literally unable to 
recognize small components (basic ideas) of a 
holistic idea in isolation from that ieee A 
indicated above, both common sense a a 
results of the MI condition indicate ot oo : 
Additional empirical evidence indicates t p 
the linear effect is not à function of serm 
For example, Katz (1971) ob- 
fect using highly abstract sen- 


semantic 
idea to match the 
resulting in high ratings 
sentence complexity. 


case, 
sense would tell us: 
fully integrated and 


processes. 
tained the e 
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tences which Ss found nearly incomprehensi- 
ble (e.g., The original event created an unusual 
state in the structure of the system.). In another 
recent study based on the Bransford and 
Franks (1971) paradigm, Reitman and Bower 
(in press) used groups of letters and numbers 
instead of sentences and still obtained a sig- 
nificant linear relationship between the number 
of items appearing together and recognition- 
confidence ratings. Thus, although the exact 
cause of the linear effect remains unknown, it 
would appear to be an artifact of procedure 


rather than anything central to th 


e study of 
semantics. 
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is some function of the 


and that this factor is 


gests that RT 
and 


expectancy level 
highly related to timing accuracy 
time perception. It has, however, to be 
emphasized that the evidence for the 
nature of expectancy is indirect since this 
concept has no immediate observational 
basis in terms of the subject's behavior. 
One could, for example, assunie that ex- 
pectancy consists of a series of more Or 
less discrete preparations (peaks) or that 
the expectancy level is subject to slow 
fluctuations. only. This point may be 
illustrated by referring to Näätänen (1971) 
who was confronted with the problem and 
remarked: “.-- a8 long as the means for 

are lacking, 


measuring expectancy directly i r 
answer to this question remains 


a definite ME 
given LP. ?^^ 2 

e dit d study of expectancy and 

ion is of interest from severa 

temporal phe- 


x Measuring ] 
the subject to tap 


nomene ye time units) might deliver infor- 
> “moment changes 
as signal prepa- 
1 expectancy isa 
ret . within the cognitive 
sels. m eP ception. Michon (1966), 
19 9), Vroon (1970), and Burn- 

asize the importance O 

d memory factors 
t duration of a 
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x stancy process belongs to 
task. CEA ema no research has 
ps muublished on the relationships between 
Jo E and time experience so far. 
E d definite hypotheses about 
CRIAM m i ne easily be formulated. 
Cacao between cognitive processes 
E à erception have been reported by 
Ha e (1966) and Vroon (1970) who 
emm that apparent time is 
function of the information 
rate. This tendency Dn been 
E zing tapping rate l 
E retrospective Selusto of E 
total task durations. Tt seems sens e 
to assume that there is also a connection 
between some aspect of phenomen 1 
and cognitive processes such as expecting 
signals in, for example, reaction time tasks. 
The aim of the present study is to find 
an observable correlate of expectancy only. 
It is of importance at generat- 
ing time units in à RTt 
by definition that the 
is measured. 


an inverse 
transmission 
observed by 
» as well as on the 


al time 


and reacting to 


apping 
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able or unpredi 
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(bars) ISI frequencies. 


tap per 2 subject 
a = 2 e sec. during the tasks by pressing 
Both NIE S mounted 1 in. next to the RT key. 
he Sdin Mana Ree operated by the forefinger of 
Doth EREA The control group performed 
© generated on A and B and tapping) separately. 
and anal shea time units were recorded on tape 

alyzed by a computer (Digital PDP 8-I).? 


RESULTS 


Rea cti s ~e 

"s cue time. Figure 2 shows the mean 
asks Funetions of trials of the A and B 
on RT 1e influence of the task structure 


[y 
Vari; . 
Alth ince (linear model, Tukey, 1949). 


= 20; m E 
, Fos = 1.95), the p values were 
ause of nonnormality of the dis- 


ibut ^ 
< 01). (goodness of fit test, X* = 20.21, 
Vari In spite of this, an analysis of 


an 
pwy "sudo be employed since F is not 
IStributio ve to the shape of the criterion 
he diferen. Table 1 demonstrates that 
Significa s t^e between A and B is highly 
s , and Ni in there is no inter- 
Hof Since rid Inear model appears to be 
Significant nonadditive component 15 
n BED Table 2 presents the 
i. Of nica of every condition and 
"Nees betw ation as well as / tests on 
—— oetween pairs. lt appears that 
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r 
Ins she ay 
itute 


RT 
310 


300 
290 
280 


270 v 


30 38 
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Mean RTs (in msec.) over ISIs as a 


Fie, 2. 
(experimental 


function of trials in the A and B tasks 
group, smoothed curves). 


the mean RTs of B are longer than in the 
A series, whereas both exceed Beontrot and 
These data indicate that the 


Acontrol- 
(performance 


double task increased RT 
impairment), but there are no effects of 
presentation order. Preparation during 
the B series was less effective than in the A 
but the RT values in themselves 
cannot clarify the (expectancy) differences 
which are responsible for this effect. The 
regression equations of four RT series as 
a function of trials are represented in 
Table 3. The B function is stationary, 
whereas under the A condition, RT de- 
creases with trials. The 

lar data so that 


task, 


significantly 
group shows simt 


control 
TABLE 1 

INFLUENCE OF Task STRUCTURE ON RT 

Source df | MS F 
Subjects 39 | 6713 
T: (A, B) ME 7296 13.19* 
ST 39 | 553 
Nonadditivity 1 715 1.30 
Balance 38 | 548 | 
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'TABLE 2 
Mrax RT VaLuES OF ALL $ 


RIES AND £ TESTS 


ON DIFFERENCES BETY PAIRS 
=a) " | = | , 

Series | R | Series RT : 

| 5| —3.63 
A | 2854 | B | 304.5 3.63 
AAB) 283.4 | A(BA) | 3134 -1.653 
B(AB) | 295.7 | B(BA) | 287.4 E 
A 285.4 | Acontrot | 216.8 69" 
B 304.5 | Bow | 200.0 | — 826 
A control 216.8 Beoutrot 200.0 | 1.20 
*p<.01 


the discrepancy between A and B cannot 
be ascribed to the fact that the experi- 
mental group performed a double task. 
The decrease of RT during the A series 
seems reasonable when taking into account 
that in the B task the ISIs remained 
unpredictable, whereas during A the subject 
had the possibility to learn to predict the 
moments of stimulus arrival within certain 
limits. " 

Earlier it was argued that in the unpre- 
dictable sequence R'T should not ch 
as a function of ISI duration since the flow 
of time does not carry information about 
the moments of stimulus arrival (Figure 3). 
A regression analysis (Hays, 1963) reveals 
that the curve is stationary, and these 
findings are in agreement with data re- 
ported by Näätänen (1971). Apparently, 
Reynolds’ law (1966) particularly holds 
for a limited number of different ISIs, 
One could assume that this difference finds 
its origin in the fact that S learns to 
formulate hypotheses about the 
between the stimuli if two or thre 
gularly distributed foreperiods 
siderably different durations 
However, such a Strategy 
the case of a Bernouilli sequ 


ange 


intervals 
e rectan- 
of con- 
are employed. 
is impossible in 
ence. 


TABLE 3 
REGRESSION EQUATIC 


OF Four Sers 


AND LT FOR m 
Series Tuy m k t B 
A —.61 —.84 297 —445** 
n .18 333 294 1.07 
Acontral —.34 —.54 224 —2.11* 
Beontrot AZ 38 190 | po 
| 
* p «.05. 2-2 50 E 
** pZ 01. 
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Tapping rate: The expectancy Pili 

The generated time units offer a poss ou 

to study the S's behavior woe 

during the tasks. Figure 4 show ping 

mean lengths (over Ss) of the tan be 
intervals during some ISlIs. 


It shoul m 
noted that in the case of serial produe ^g 
of a short interval a “lengthening h sica 
may occur which implies that the o. nds 
equivalent of the produced inter (sees 
to increase without the S's gen effect 
e.g., Vroon & Van Boxtel, 1972). rh ju it 
levels off after 40-60 productions: ing 
can hardly be eliminated by meno" 
(Vroon, 1972). Since this pheno role 
might have played a contaminating uld 
data from the beginning of a ma it 
not be analyzed. Apart from ue res 
obvious that data after training P d 


DISCUSSION ust " 
is $ 
In the A series the trapping rate vd pel 
ible to a Strong decrease a few seco" of th 
stimulus presentation, The curve anal 
Series is Stationary; the regression a 
(test for zero linear regression) W on „a0 
from Hays (1963) and carried out E tap? suo 
data (40 Ss X approximately 12 con 
= $ 500) measurements). — In 
group (C) the function is horizonta s 
that there was no lengthening € 
end of the series. . sourse ? 4d 
It is observable that in the co r Sue 
Series, S switched his attention rat? 
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lew Stim, 7 ScFetely” e d 

carne Mulus q ely” for the presentation of and the same de qe mr 
ue to the fact that he had predictions are confirme by the data. 

two specific phenomena should be 


See to 
Ba predi 
Bii do ki diet the moment of its arrival However, t) 
le ex ree 2 and Table 3). In regular noted. The firs : 
i, Pectancy process seems to consist ISI) is relatively high. 
i " ises for 


t RT value of Figure 3 (5 sec. 
This suggests that 
a short period of 


ah, Vàv, 
Oy Clike 
att equa, Pre ; > decred 
» ng, ^ dug parations with 4 wr expectancy: deste us a. Bl 3 
gre Se ma to the ISI E en osa after every reaction which is accompanied 
im te A. h. he su $ pf , Fi 4B demon- 
| Hiro tent wi sil iai effect are iñ by à high RT value, and Figure 4B je 
ue CPU the hy 3 2 res that the tapping rate !$ very abt 
phe lion, e hypotheses stated in the stehe Mint P cd s Comparing the 
Rie uns: the be: ead Toe > tappi 
tim ST jn Con. corres fvw ava A and B tasks reveals that 1n A the tapping 
S with the curve ; a sal just before stimulus presentation Is 
mius { that the mean RT 


han in B anc 


cantly shorter. These findings 


th (Fi 
ho, fiva] iure 3). The moments 0 i 
?ul Were unpredictable. Hence, much longer” 


Temaj 
ain constant since the eX- 
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suggest that an inverse relationship €. us 
the length of the tapping interval and 
might exist. For the A series a Spearman 
rank-order correlation was calculated over the 
lengths of the last tapping interval and over 
the corresponding RTs of each S (n = 40). 
It happened that 7, reached a value of — .266 
which is significant at the 567 level. For the 
B series this correlation is statistically zero 
(+ .03). Thus, tapping presents qualitative 
information about expectancy (wavelike or 
constant mean level) in series with different 
temporal structures. Moreover, in the case 
of a regular stimulus sequence, RT is, to a 
certain degree, predictable on the basis of the 
tapping rate just before stimulus presentation. 
The most probable explanation for these 
findings seems to be that their basis is located 
in the described trade-off strategy, ie, S 
attempts to reduce the probability that a tap 
will coincide with a stimulus, and he succeeds 
when the temporal structure of the stimulus 
sequence can be discovered. 
however, has to fail in the case 
series. 

Summarizing, it may 
double-task method ap 
means to study ex 
relatively direct wa 
to obtain com 
function 


Any strategy, 
of a Bernouilli 


be concluded that the 


a 
€ possible 
ves" as 4 


REFERENCES 

der edi get of short time intervals 
* performing mat! ematical tasks, i 

! & Psychophysics, 1971, 9, 404-406. iiic em. 

Fe An introduction lo probability theory 


P. A. VROON AND A. G. VROON 


p taw York: Wiley: 
and its applications. Vol. 1. New York 
1957. P : New 
Hays, W. L. Statistics for" psychologists. 


York: Wiley, 1963. ; f fore 
KanLIN, L. Reaction time as a function O 
and 


ili ii 
i variability. Jour? 
period duration v veg "ict 


: «imple 
uncertainty in 9 


Psy 


= 7 " I 
chology, 1956, 51, 179-184. ui ation , 
Micuow, J. A. Studies on subjective d ith 
Subjective time measurement pow 
different information content. Acla 
1966, 24, 205-209, m 
Micuox, J-A. Timing in temporal tracking 
Van Gorcum, 1967. scis anid 
N, R. Nonaging foreperiods a 35 


, 


Asset 


reaction time. Acta Psychologica, ad 
316-327. iting time p 
NICKERSON FR, S Expectancy, waiti 


psy 
MT 
the psychological refractory period. fon? 
chologica, 1967, 27, 23-34. rns LONG 
OnNsrEIN, R.E. On the experience of time. „in 
Penguin Books, 1969. certain ta 
RrvNoLps, D. R. Time and event "ELA 
unisensory reaction time. num 
mental Psychology, 1966, 71, 287-295 
Tukey, J. W. 


nol 


o 
One degree of freed sol 
additivity. Biometrics, 1949, 5, Sani proc psy 
VnooN, P, A. Effects of pres Acla 


information on duration experience. i 
chologica, 1970, 34, 115-121. . nd cob! xy 
Vroon, P, A. Sahne psychophysical fo Unive 
aspects of the time sense. Utrecht: 
Press, 1972, 


» OFA 
4 asure qim 
Vroon, P, A. Sr ; 


Tapping rate as à P tento" 974: 
Pectancy in terms of response and P lial o£» 
tation. Journal of Experimental Psyé 

in press, 

Vroox, P, A, & Van BOXTEL, A. ioi 
implications of the sensory-phys!o chung? 1 
of the time sense, Psychologische Re ‘ ". 
35, 81-92, i n 


! jn exp Tyro. 
WINER, B. J. Statistical principles E ill, a 
design. (2nd ed.) London: McGraw 


Testing 


2 
(Received June 5, 1972) 


Ld 


Journal of. Exheri 
1973, Val gg gerentel Psychology 


FACILITATION - 
EB INHIBITION, AND DISTORTIONS OF THE SERIAL 
N PIANE TNE FREE RECALL AS A FUNCTION 
OF PRIOR WITHIN-WORD ORGANIZATION * 


ALAIN LIEURY? 


University of René Descartes, Paris, France 


Learning i i i 
ning of 16 bisyllabic words in single-trial free recall was preceded by 


repetition aloud of 40 bis 


e rom permutations of all the syllables 
sant gs t ie list and were called same words (SW 
NUIT ne list were different (DW s) 

ed facilitation for SWs and inhibition for DWs relative to 
In the control group, Ss repeated 
ns of the serial position curve, especially 


Tow s) in the control group. 
pum ogre prior to learning. Distort 
a suppression of the primacy effec 


These res : i 
ese results are interpreted in terms of transfer of 


memorization. 


N 


Upo, 

n th 
e role : . " 

; ole of organization in free-recall 


er Soe yee in part-whole 
$5 osa, Doane ecall experiments (e.g. 
s 66), the in e, & Russel, 1970, Tulving, 
9 whole-li ransfer from part-list learning 
result of st learning is interpreted as the 
arning F having used, during whole-list 
memorizat least a part of the plan of 
Part-lis e on Widb had been used during 
tation pen airig If the plan of memori- 
tte for E part-list learning is appro- 
i^ metere tea learning, there is posi- 
Be PPropriate i je plan of memorization is 
Worse in the ere is negative transfer. 
me; S, i.e, wells investigations items were 
Norization ur. ire units, the plan of 
tiem, ne concerns the rela- 
Selves Cie but not the words 
| i retrieval d order units, Tulving, 
iis in plan, Slamecka, 1968). The 
E ae is to generalize the 
Tine Po to the words them- 
Stet, da he remem zanen of each 
Or, more a reactivation of verbal 
e within specifically, of the appro- 
-— word plan of memorization 


la 
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from the pseudowords. 


llabic pseudowords. These pseudowords were con- 


a set of eight bisyllabic 
s) The eight remaining 

Recall scores 
recall of words 
] 40 three-digit 


appeared in SW and DW conditions. 


a within-word plan of 


The underlying idea of this 
conception is that weak interdependencies 
or conflicts between associations are not the 
sole causes of forgetting and that conflicts 
between different WWPMs are important 
contributing factors. 

It follows from these conjectures that if 
the WWPM of a word is partially activated 
before the word is presented for learning, 
the retention of this word will thereby be 
enhanced. On the other hand, if the par- 
tially activated WWPM of a word is in- 
appropriate for the word that follows, this 


might retard its integration in memory and 


inhibit retention. 
To test this hypothesis, an experiment 
on transfer from an incidental learning task 
to a single-trial {ree-recall task was con- 
ducted. The free-recall list was composed 
of 16 bisyllabic words. The incidental task 
for Ss consisted of reading aloud 40 pseudo- 
words which were presented successively 
on a screen. These pseudowords result 


from new syllabic arrangements among 
of the 16 bisyllabic words of the free-reca. 

list and consisted of permutations between 
the eight first syllables of each word in this 
eight-word set and the eight second sylla- 


bles of each of these words. Eight of the 
64 possible permutations (8 X 8) were the 
ıl words, and among the 56 remain- 
ations, 40 permutations without 
selected and were called 


(WWPM). 


origin: 
ing permut 
meaning Were 
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pseudowords. For example, given the 
three words (in French) : index (in English, 
forefinger), merlan (a fish), quintal (a French 
weight measure), pseudowords were inlan, 
intal, merdex, mertal, quindex, quinlan. The 
eight words of the free-recall list which 
were used to construct the Pseudowords 
were called same words (SWs), Whereas 
the eight remaining words were called dif- 
ferent words (DWs). In the first phase of 
the experiment, Le, incidental lez 


arning, 
the 40 pseudowords Were presented Succes- 
sively on a screen. 


The Ss were told that 
it was a diction exercise and their task was 
to read aloud, not to learn, cach pseudo. 


word as soon as it appeared. After the 
last Pseudoword w 


ATTENTION w 
and the single-triz 
In this Second the eight SWs à 
the eight DWs Were pre 

on the screen, T Y 
the first phase all Words Which ap- 
peared after the signal ATTE] ‘TION Were 
the to-be-remembereq Words. When th 
last (16th) to-be-rem kd 


: embered Word hz 
disappeared, Ss recalled. al] Words they 
god from the Single-trial free-recal| task 
only. 


According to the above 
incidental task which Produc 
tion of WWPM Partially ih 
WWPM of the swe. Gall 
tion of SWs will be facili 
Other hand, the WWPM, wes 


one elaborate, i 
the Incidenta] task is in s dne 


a 
TEUER recall of 
I 


In so far as serial positi 
erally considere, 


: elr 
Scores were studied as a function oa | 
input positions. Because of the a arning 
of SWs and DWs in the ere 
phase, Ss üse the same rigid We 0 
throughout the list. Thus, eh. ij 
SWs and inhibition of DWs will oc 
all input positions, 


METHOD 


-nentali 

A xperimel t © 

Design. Two groups, control and "e counter 

Were used, each consisting of 32 From two 0 
balancing technique was as follows: Fr 


5 ol 
u h 4 $ wo sets 
and 2) of eight bisyllabic words, tv 


Pseudowords Were constructed. Set : d 5e uu 
SWs for half or the experimental Ss ane ch of p 
used as SWs for the remaining Ss. In re ht sW 
subgroups and for half of the Ss, Ui e dud a 
Were presented at cach of the eight odd vu of th 
Positions and for the remaining half at es sq 
eight even positions, A 16 X 16 X 16 e wor 
Was applied that each of fhe ^ a 
the list was used in each input position - 
Subgroup of 16 Ss, een random arr? 
of Pscudowords Were prepared for the zw 
Subgroup. The Same design was app í the it 
Control group although the 16 words "reed 
Were not SWs and DWs relative to the 
numbers of the repetition task. m 
, Materials, Sixteen bisyllabic words, € 
mng with a different letter, w 
of low-fre 


use 
t 2 was 


e 
iari 
u 2 


«ell 
l to ensure M 


CY words (fewer 
$ fine MM & Sauvageot, ca 
aese words had minimal phonetic anc ns 
Similarity, Fight words were referred to: ill 
nic trepan, gamin, juron, lutin, pineon, P 
radar; and the Others as Set 2: bougon, eng à 
Index, me; delta, quintal, sebum. " cted ee 
digit numbers were consti ed "he 
S. Items, words, or TON: pe 
Snislides. “The word ATTEN ted at l; 
™ capital letters, was presen ame 
as the other items. vas the Sog 
The temporal procedure wi the sci 16 
Ss. Each § saw 57 slides e m he e 
Peds Plus ATTENTION P preste 
5a -remembered words); each slide was I and fr. 
iu m by a Kodak Carousel projecta M. 
aye between Successive slides was abo any d 
recall was not subject 1o were d 
S and Ss Stopped when they 
Y had recalled all items. 


ese 


Resutrs to 
Since SWs 
odd inpu P 

inpt* ^ a 
al group and to even (tin, son 
te remaining half, regi posi? 
obtain complete seria 


Los 


Scores 
This E for the SWs and the DWs. 
Were not SWs — e-remembered words 
analysis differ or DWs. In the present 
tween SW. erences in recall scores be- 
erred to a DW conditions will be re- 
and S R aa Better recall 
condition ane relative to the control 
inhibition ob: be called facilitation and 
tiation bet respectively. Recall differen- 
Marked Fj een SWs and DWs was highly 
the mean a 93) = 149.29, p < .0005; 
mum recall i recall score was 7.75 (maxi- 
the mean DW the list = 16 words) while 
Mean CW y recall score was 4.50. The 
acilitation Bre score was 7.00, and the 
‘able, p Jans (SWs vs. CWs) was re- 
Inhibition aff 93) = 7.95, p < .01; and the 
Significant. Re (DWs vs. CWs) was highly 
Bue it P d. 98 = B84, pr .0003. 
Were Feplo: four adjacent input positions 
4 Statistic, = (F igure 1) in order to permit 
Principal dh analysis of these effects for the 
. For all pep ts of the serial curve. 
tiation edad of the serial curve, differen- 
Parisons as highly marked: The three com- 
T T SWs with DWs at Positions 
- 16.66 " J. 16 were signilicant, Ft. 279) 
e adi < 0005. In the main, SWs 
x tated relative to the CWs. This 
= 3 vas reliable for Positions 5-12 
9f the 51, p = .05) but weak for the end 
liong “rhs (F = 245, p = .10) for Posi- 
No feos On the other hand, there was 
tive to itation effect for the first SW rela- 
Correct the first CW (the proportions of 
recall were, respectively .438 and 
The SWs for the four first input 


Bosit; 

sitio 

than SW (1-4) were not better recalled 

Phi S for the next four positions (5-8). 
the 


s 
Serial ane that primacy effect for 
c nhibitio, of the SWs was suppressed. 
jm S was n of the DWs relative to the 
“Ween more substantial. Comparison 
tion 1 tne DWs and the CWs for Posi- 
‘0005. 8 yielded F (1, 279) = 14.06, P E 
Sice det: > there was no significant differ- 
S or Ween Positions 1-4 and Positions 
Pis fo the DWs, there was no primacy 
Of the £ the DW curve. This suppression 
to "ied effect was not an artifact 
he alternation of the SWs and the 


DISTORTIONS OF SERIAL CURVE BY ORGANIZATION 


W----Hcw 


recall 


percent 


9-12 123716 


124 s-a 


input position 


Percentage of items correctly recalled 


Fic. 1. 
ion of serial input 


in each condition as a functi 
position. 


DWs or to the replotting procedure; the 
proportions of recall of the first item, which 
was not contaminated by the heterogeneous 
nature of the to-be-remembered words in 
the experimental group, were .250 in the 
DW condition and .688 in the CW condi- 
tion. For Positions 5-12, comparison be- 
tween the DWs and the CWs showed little 
inhibition effect (F = 3.51, $ = .05) while 
it again showed a marked inhibition effect 
for Positions 9-16 (F = 7.68, p — .005). 
This marked inhibition effect was due to 
the very poor scores of the DWs at Posi- 
tions 13, 14 and 15. (Proportions of recall 
for the four last DWs were, respectively, 
.188, .250, .375, and .875; whereas scores 
for the last CWs were .469, .563, .686, and 
.781.) These results show that recency 
effect for the DWs was reduced to the 
terminal item only- 


DISCUSSION 


hypothesis postulates the facilita- 
nd the inhibition of DWs relative 


The first 
ndition (CWs) and the second 


tion of SWsan 
to the control co 
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hypothesis the generality 
all input positions. 
first hypothesis, 

retention must n 
terms of interdep 


e- 
grated units, 


In fact, many paradigms such 


subjective units, respectively, 
dependencies are Probably w 
(Slamecka, 1968) j 
single-trial free-recall and sl 
paradigms. In light of this experiment, the 
Specific i organization 


of the Words 
be Considered as 4 crucial 


main, 
Primacy effect Was su 
Probably reflected a ent of 
Pseudoword WWPMs to the SW WWPMs 
Finally, the facilitation and inhibition effects 
also occurred for recent items, ese results 
show that if the recency effect reflects 
ferent memory process 


(short-t 
Atkinson & Shiffrin, 1968; or 4 pU 


^ E: i 
trieval process, Tulving, 1968), thi 
not independent of organization 


Ppressed ; 
rearrangem, 


To conclude, what is the functional signif 
etae 9f the WWPM? Is it the activo 
ofa storage organization, an encoding-retri M 
plan, a phonemic program, or somethiine M 
tirely different? An answer to this ques 
must await further investigation. 
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SHORT-TERM MEMORY! 
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Ps Ssitiomoriked po of 30 words (LT set) before participating in a recogni- 
During eh fie "i € ons were divided into pure and mixed trial blocks. 
dedere ote ons d words (ST set) were presented to S on each trial im- 
if the d 2 ore visere: of the test stimulus. The.S made a positive response 
di E imus was from the ST set and a negative response if it was a 
Samat vet ; e Memes blocks the procedure w. imil r except that test 
"e use a Bo c Fn n from the L T set; the S made a positive response if the 
SLATE T ud ug um either the ST set or the LT set, and a negative re- 
"m GUERRE : He Marke indicate that in the m ed blocks reaction time 
E —— M rom the L'T set or to negative test st muli does not 
ea f set sizer or all other test stimuli, reaction time is an incr 
ERA QES set si These findings are shown to be consistent with the 

ew that Ss can search a long-term store and a short-term store simultancously. 


. a four-stage model. In this model, the 
Pets ee store (STS) and a size of the memory set acts to influence 
lion or gps ore (LTS) lead to a considera- RT by altering the time of the stage in- 
Y the two stores interact in situa- memory search while not affecting 
decision, 


NE 
COries s r 
between of memory that differentiate 


volving 


tion A 
2 Pee iting their simultaneous activity. the stages of stimulus encoding, 
recall HUN, serial position effects in free- and response. In tasks of this type, the 
ting SN have been attributed to inter- memory search is assumed to involve com- 
feet, Sets of STS and LTS. Primacy parisons of the test stimulus with the ele- 
are attributed to increased STS ments of the memory set in STS. 
and Atkinson 


TOC es, " 

sulting 1 of the earlier items of a list, re- Juola, Fischler, Wood, 
Items s more information about those (1971) report a study similar to that of 
“ects Mis stored in LTS, while recency Sternberg (1969) in which the memory sets 
"etrieval Fe thought to reflect near perfect were lists of 10-26 words. Each of their 
that stil ia items from the end of the list Ss learned a single list prior to testing and 
Atkingo reside in STS at the time of test maintained the list as the positive memory 
analy n & Shiffrin, 1971). Such an set throughout the experiment. The re- 
Store, S illustrates the viabilit - of the two- were consistent with data from 
detaj a emory model but d not specify a small memory sets; that is, as 
Might About the stages of processing that d the RT of both positive 
Mte preson in cepa memory is amd nene TD increase per add 

y 4 c averz a 

RT tei Bae shown aa dn pae in the memory set was much 
Mem}. decid x tasi the teacton iS less (about 5 msec. per item vs. about 40 
Nhe e whether or not an item isa less & wi gen Sternberg). Given the 


(six of a . : 1 i 

tion r ewan) set of items in memory en P E nen Taste d ^ 
S ATLETI caanal destra ep à l 

Ster 9f the n n increasing linear func g uy cwm iini e eee 

Nhe umber of items in the set. and the fac at th ipee ie 

a distracting counting task performe y 


rg 

pe account : Es 

"y s for these results With n 

in arch v. Ss immediately prior to each test stimulus, 
assumed that memory search 


US reg 
" thay tion gatas ‘Sponsored by National Science it may be 
Reg o 2 E. ro ee E bees in their experimental task involved com- 
3 Adest; o study. — of the test stimulus with informa- 
"iver on, f ams should be sent to Richard — (jon in LTS. The differences between their 
Stanford, Californie Biss Stanford RT set size functions and those found by 


sults 
studies witl 
list length increase 


parison 
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Sternberg may ce ue different 
ndn Pg chaud (1969) and 
pr cha res are simple in the sense 
dos ques adonde involves rm Mine 
z d 7 stores. A complex 
opiy Ta a Sar procedure may be 
p p pes the positive memory set 
E of both (a) a set of items learned 
prep testing and held constant over test 
Minis ‘LT set) and (b) an additional qs 
Jm ite ne of which are in the 
LT = ea prior to each test stimu- 
E zl varied on each trial (ST set). The 
total set of items requiring a positive re- 
e would thus consist of sets of items 

in LTS and STS, and performance would 
EE iue a of both stores. Studies of 
this design have been reported (Doll, 1971; 
Forrin & Morin, 1969); however, the GI 
sets used in these studies were small (less 
than six items) and it is not clear that Ss 
did not transfer these LT sets to STS for 
search during the task, Indeed, Doll con- 
cluded that this is exactly the str. 
employed by Ss in his study whic 
amined the effects of d 
responses to items fr 
sets. It remains to 


ategy 
h ex- 
ifferential reward for 
om the two me 


In the Present stud 
of 30 unrel. 


In test se 


Y, Ss learned an LT set 
ated words and then Participated 
sions employing à reaction-time 

» Each Session was divided 
nd pure blocks of trials. 
Í a mixed block 


into mixed a. 
each trial o 


rehearsed these 
test stimulus was presented ; 
à positive response if it w 
LT set or the ST Set and a neg 

sponse otherwis For pure blocks of trials 
the procedure was the same except that 
(a) the ST set varied 1-4 items (no 0 
condition) and (6) S was explicitly in. 
structed that no words from the LT set 
would appear as test stimuli during the 
trial block. Thus, positive responses were 


in the 
ative re. 
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. s was in 
required only if the test a Me. 
the ST set. The pure blocks -— 
essentially a replication of. v. ite 
(1969) varied-set procedure in im in 
positive set on each trial is Mg ics tris 
STS.? In the mixed blocks, s Eo 
with no words in the ST set v gp the 
conditions of Juola et al. (1971) in m The 
positive set consisted of items in LT or 
trials in the mixed block with an > s. 
of 1-4 words introduced a "-— 
Which the positive set consisted of 1 
mation in both STS and LTS. ction 

Reaction time was recorded as a a E 
of trial-block type, ST set size, ane tel 
stimulus type for each trial of fie data 
Sessions. To the extent that c. 
are systematically interrelated, a T 
hypotheses about interactions betw a 
and LTS processing can be evaluated. 


METHOD 
Subjects. 


l 
l 
Stanford | 
Eighteen female students at El one | 
Univers y served as Ss, Each $ parr optan y 
training session and two experimental sessions f 
"ed $2.00 for each session. - -and dis ——— 
Stimuli, Words for LT sets, ST sets, 2 rndike- 
tractor test stimuli Were drawn from the Tho! th 


eng 
Lorge word list, All words were 4-8 letter oo ses 
and had two syllables, Words for the train per 
sion and a block of war chan 
mental sessions had frec 

20 per million, 
trial blocks had frec 
Per million. Distr: 
each used on onl 
experiment, 


Three different 30-word LT 
The Ss Were divided into three 
each Sroup used one of the 
The first three sion 3" 
Never tested ey S saddle 22 | 
Were kept the same on all three lists. The mi 2 
Words of the lists were 
when Presented for lear; 
Four blocks of tri 
training sessi 


x 
m-up trials for are 
Iuency counts of ment 
while words for the bu. ay 
luency counts of more ats wer 
actors and words in ST sets V: 


e 
^ ent! 
Y à single trial during the 


ated 
sets were oroat 
equal group’ ag, 

ing all sessio, 
L'T sets during all ist wert 


ach 
and last three words on cac! 


or 
sta a 
als were constructed f nt f 


Jo! 


e 
m 

i could be drawn fro rime 5 
© Set or the LP set). In the oat ett a 
Sessions pure blocks Were 16 trials in kk 


» Sternberg's 

ment from 
Whereas the 
without repl 


sith 

sets were sampled uic 
: items 

the set of available iten 


items 
present study sampled iter 
acement, 


5 40 trials. In addition, cach experi- 
warm-up E started with a pure. block of 12 
entire session eae there were 124 trials during the 
Positive and ne E all tr the proportion of 
menta] se siio : In the experi- 
Pure blog m each. diffe set size (1-4 for 
equal Probabilit 0-4 for mixed blocks) appeared with 
locks, for all y within cach trial block. In mixed 
test E dt - nonzero ST set sizes half the positive 
yom the LT uem pm from the ST sets and half 
locks of Eee. d en combined, the two mixed 
Central 24 to § ipcrumem) session tested each of the 
Rach s i i of an LT set exactly once. 
me Wor Sens experiment received exactly the 
an Eee stimuli (except positive test 
; "On of the n the LT set which varied as a 
However, 
al session 


of trial-block - 2: i 
esee d lock types within sessions were 
M ed acros: 
mode : sets for each trial were tape 
one, sting, they were presented with 
ated recorder through a speaker 


n test sti 
5 s eels Was typed in captial letters on 
Registry: tel index card with an IBM E 
Nth, Y Means axes The stimuli were pre- 
zont Cer of the à tachistoscope. They appeared 
a al vi te visual field and subtended a hori- 


t; 
at Visual 4 
A Center angle of about 2°. A fixation target 
ihe » the ons the field was displayed for .5 sec. 
3 Set of the test stimulus on each trial. 


SPlay fie 

i Relow ent dark between trials. 
a table. eee in front of S and to her 
s three telegraph keys were arranged 
NI tated adjacent keys were 
orefin md The S could comfortably 
RE: nger on the center key between 
a short, natural movement to the 
s ve iter of the two response keys. 
ze I UVe resp andomly assigned the right key 
» the assi Ponse and the left as the negative 
Hi Ssignment was reversed for the other 
hand the § held a button used to 


he te S was contacted by phone 12-48 
learn, ming session and given one of the 
9 be lear l'he instructions stated that the 
earned in the order given over the 
it could be written and recite 
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order. After a correct written recall, S was asked 
for an oral recitation of the list. All Ss satisfied a 
criterion of successive correct written and oral recalls 
of the LT set. 

A vas then seated at the tachistoscope and 
given detailed instructions about the task. The S 
was told that £ was inv ating how rapidly 
people can make decisions about words they have 
learned. The differences between pure and mixed 
blocks were carefully outlined emphasizing that (a) 
both words from the LT set and from the ST set 
required a positive response when they appeared as 
st stimuli in mixed blocks, (b) in pure blocks 
set words would never appear as test stimuli and 
so positive responses should only be made to test 
stimuli drawn from the ST set, and (c) on several 
trials in each mixed block only the command “count” 
would be heard from the tape recorder and that this 
meant S was to count backward ‘4,000, 3,000, 2,000, 
1,000" and then initiate the display which, since 
no ST set had been given, could only be an LT set 


word or a distractor. 
The S was instructed that, except for these 


the procedure for each trial in each 
would be the same: (a) The E would say 
and turn on the tape recorder presenting an 
ST set; (b) the S would either repeat the ST set once 
aloud or count backward if there was no ST set; (c) 
the S would then press the button in her left hand; 
(d) the fixation target would appear and .5 sec. later 
the test stimulus would be exposed; (e) the test 
stimulus would remain visible until S made either 
a positive or negative response by pressing the 
appropriate key; and (f) E would record the re- 
sponse latency and change the stimulus card. (the 
intertrial interval was about 10 sec.). The S was 
also told that ST set words and negative test stimuli 
would each appear on only one trial in the experi- 
ment. The instructions emphasized that S was to 
respond as rapidly as possible while trying to avoid 
making errors. 

The test phi 


differences, 


ise of the training n then began. 
T y was at the first day was a practice 
The 5 was told that t a ic 
ession and that she should try to find the best 
sess a 


gy for performing the task. During the 
af fee iven between trials about 
Si ion, 


dback was gi 
spe accuracy of responses 
speed and accuracy ] m 
The two experimenta a 
„vs: each session began a written an 
: es set. The instructions were a 
*à “The warm-up block and four test bige! E 
d. Only feedback concerning incorrec 
given. during expe! 


vere held on sub- 
with a written and 


sequen 
oral rec: 
reviewed. 


were presente rimental sessions. 


3 min. between 


respon: s was 4 d x about 
Tür waa toe Pee. k between 
E ioci and each si ssion lasted approximately 
trial D CKS d 

1hr. 


RESULTS 
jlocks, there were 14 
bination of ST set 
lus type (ST set, 

Similarly, there 


mixed trial 1 
defined by com 
and test stimu 


distractor). 


For 
trial types 
size (0-4) 
LT set, or 
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TABLE 1 
š PVIATIONS, AND 
K v v EC.) STANDARD DEv IATIONS, 
I: s 3 ween ALL TRIAL Types 


Test stimulus | st set | yy Sp) | gitas 
type sz 

5. 57 0.0 

Pure ST-yes 2 En 64 2.2 
3 556 72 14 

4 554 " z 7a 

27 81 0.0 

Rite no 2 Ea 79 0.0 
3 599 81 7 

4 596 81 ; H 

ixed LT-y 623 1 | o 
DOTES mq 675 76 6.6 
2 690 75 8.0 

3 705 80 6.6 

4 686 62 gis 

Eus] 

ixed ST-yes | 1 541 84 L5 
Mixed ST-yes i 2 A Ds 
3 586 80 $ 

4 604 83 | z9 

X = 9:0 

ixed 0 701 93 3.28 
Mixed no 4 iat E in 
2 713 | 113 2.5 

3 746 | mi n 

4 TA | 124 | $o 

X -43 


z 
E 
B 
a 
= 
A 
8 
3 
Ei 
E 
El 
2, 
3 
3 
8 
S 
g 
d 
3 
8 
2, 
^ 
E 


were eight tria 
blocks (ST 
[ST set, dis 


l types defined for pure trial 
Set [1-4]. test item types 
tractor]. For each S, the 
mean RT for Correct responses for each 
trial type in both experimental Sessions 
Was computed .4 The mean of the S means 
for each trial type is presented in Table P 
also given for each trial type is the Standard 
eviation of the S means and error rate. 
In Figure la the mean RTs for each type 
of test stimulus function of 
ST set size for Figure 1h 
presents simila ixed blocks, 
Lines fit by the m 
shown for the ST-y 
functions in Figure 
function in Fig 
the average RT 


* Outlying scores for each § 
computations by the followir 
each trial type, the mea 
score that was more tha 
mean was deleted, and ( 
from the remaining scores Using this procedure, 
about 3.6% of the scores wer, 
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ia He 1b 
the LT-yes and no functions in Figure 

are also shown. ' rative 
u both pure and mixed peu. In 
responses were slower than positi cs were 
mixed trial blocks LT-yes el o 
slower than ST-yes responses. RT from 
the functions show a drop in. of this 
ST Set Sizes 3 to 4; the meaning due to | 
result is not clear, though it may et just 
the overt rehearsal of the ST £ variant 
Prior to test. Separate analyses o how? 
Were carried out for the five functions aM 
in Figure 1 using the .$ means aS ican 
The effect of ST set size was Fi 51) = 
for all analyses: pure ST-yes, Jr C '81) = 
39.645, b < .01; pure no, F i (3, 5D 
25.012, p < -01; mixed ST yes; F, 
= 6.3444, p < .01; mixed LT -yes, F (4, 
= 10:418, $: < .01; and mixed no, bseque” 
= 3.374, p < .05. However, su vs 
tests on the mixed LT-yes and mST Set 
functions show that in both s e mean 
Size 0 differs Significantly from th 


= 37.100: 
of ST Set Sizes 1-4, p (1, 68) = 37-10! 


a 
——M— 


P « 01; F (1, 68) — 6.532, P T 
whereas the differences among 2 
Sizes 1 


> (3, 68) 7 
—4 are not significant, F (3, e 


05 
f: s 
164, b > 10; p (3, 68) = peg items 
"US$, responses to the LT set te 
(o1 (b) —] 
Pure Block Mixed Block 4 
^r + no eim E d 
yt LJ ^ 1 
700 f- 


eso H 


Reaction Time (msec) 


E 
10. 
sT-vEs« 524+? 


2 


o T i 
Short -Term Tigil SRL i p° " 
Fic. 2 T" ;. trial ki ty? 
SUE, O RE We ST xersize for ia 
Pure blocks and 


á tr 
A (b) RT vs, ST set size for 
in mixed blocks 


. 
l 
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and distrae : 
ocks pum items in the mixed trial 
[ST E. à ekibi the systematic effect 
tional nanmi in the other func- 
§ e is, in these two cases, 


ane 
ect of 
presence or abs t is 
9n a trial 5 ence or absence of an ST set 


o 
tions, 


he Over: 
jom Ta error rate was less than 5%. 
Mghest er € l it can be seen that the 
rejection ina rate was a 7.145 incorrect 
Mixed |) ate for LT set test items in the 
bd Tim error data do not de- 
systematic effect of ST 


Fir 
lj, ally, fo 
Ock: » lor data vim ; 
the 5, mean RTs To the mixed trial 
s for each S for each of 


te Means in ; : 

Presen em in a matrix form, where rows 
umns, T vents on Trial and 

ar ns, Tiie E a 

i tance us n. A separate analysis of 

Io, able 2; ening for each column 

Dres When on Bw: significant effect was 
en rial n an LT set item was 


n — 1 


~ ed ; 
as the ; 

this « 3, p pe t stimulus, F (2, 34) 

haq Case were fas 5. Correct responses in 

slo, A LT Pa rne when Trial — 1 also 

Stimul, When [de as a test stimulus and 

Prete, Us, ‘These had a distractor test 
e results might be inter- 


Tete: as ẹyi 
Ule evidence 
Le m D a "priming" effect; 
lately subs IS somehow facilitates 
"sequent retrieval from it. 


hg, te Discussion 
OW c Present " 
"re p, escribe üdy addresses the question of 

search through memory when 


LN Ig +, 
«cS. EI relevant ^ 
UTIMS information in both STS and 


are 
n 3 : 
ie 8 Mn concerned here with dis- 
8) ER Seri "ie processes within either 
, d ve B 
b odis vs. parallel scanning of 
i with describing how 
TON ma, | Ure accessed; in pz rticul 
ad Saray be ask ; in partic the 
wrk rehe asked whether STS and LTS 


tores the 
ar, the 
sent 


sin ; 
lultaneously in the pre 
ally 


r they A 

th. 9E © hey are processed sequent 

ler g E store delayed until search 
© is completed. 


ethe 


Sto 


itm Pse 
hec que 
Wetaglave pee experi z ai 
Ang lon |. Provided iments, using à similar para- 
ay fee the a strong support for our inter- 
Across ee LT-yes and mixed no func- 
55 ST Set Sizes 1+. 
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TABLE 2 


Mran RT E A EC.) ON TRIAL 2 CONDITIONAL 
oN TRIAL Tyre or TRIAL » — 1 
= = 
Trial » 
LT-yes | sre No 
z 665 602 762 
s 685 624 738 
No 707 582 739 
It has been shown that various models 


which posit serial or parallel scanning within 
memory stores cannot be uniquely distin- 


guished with the available data (Townsend, 
ts concerning identi- 


1971). Similar commen 
fiability of alternative. models also could be 
attempt made here to 


directed. toward any 
formulate à single model to account for the 


present results. Therefore, our approach will 
be to consider the two simplest, most intuitive 
models for memory processing in the present 
task and to show that one of them is incon- 
sistent with the data, while the other provides 
a reasonable account of the major results. 
We cannot, however, exclude the possibility 
complex models (e.g., those in- 
probability mixtures of alternative 
can be formulated to account 


that more 
corporating 
processes) also 
for these data. 


There are tw! s for any memory 


o special case 
bing tasks re- 


descri 


model concerned with E 
quiring both STS and LTS search. The first 
ustrated by the pure blocks of the 


no need to search 
A repre- 


case is ill 
present tas 
LTS in order to make 
f the inform 
ance in this C 
STS processi 
tage; it js assume 
search stage is a 
in STS, such 


k where there is I 
a response. 
ation processes under- 
ase is shown in 
ng occurs during 
d that only the 
flected by the 
that RT in- 
number © savages) 
creases 45. 
This descr 
han 


ption is compara 
' 
specific th Sternberg § 
scanning l . ] 
The second special cas 
to search STS before mà 
in the present 5 


there is no 
king à response; 
tudy on those 
o ST set was 
his case is 
hart is identical 


e is when 


ented. 
in Figure 49- 
pt that only L 
Again the assul 
time is affected 


sk the 


presi 


that only t 
i Since 
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(b) 


Stimulus encoding 


Stimulus encoding 


li 


"an* “Yes” IN 
ES response 


"Yes" 
response 


F resentation of processin 
E VI items are only in STS, (b) memory 
set items are only in LTS, (c) memory set items are 
in both stores and STS IS accessed first, and (a) 
memory set items are in both stores and the stores 
are accessed simultaneously, 


g stages when 


LT set size was constan 
pected value for search 
When items to be s 


ST set was presented), there are two intuitively 


how the two stores 
accessed. One is a Sequential 


postulates that only 


are 
model which 
one memory store is 
searched at a time; the other is a simultaneous 


model in which Search through both stores 
begins at the Same time. [n Figure 2c we 
represent a sequenti in which STS 


is alw This ordering of 


ne result that for 
for mixed ST. 


ith th 


-yes 

han those for mixed LT-yes 
trials. In this model, if the test stimulus is 
located during the initial STS se 


arch, then a 


positive response is ma ately without 


searching LTS; o 
depending on w 
located there, 
is made. There are twi 
from the sequential mod 
present experiment: 


1. The RT vs, 
positive test it 
in mixed bloc 


O critic. 
el of Figur 


Predictions 
e 2c for the 


ST set size functions for 
ems drawn from the ST set 
ks (mixed ST-yes) and in 
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KEI e 


steals c ST-yes) should P 
pure blocks (pur S vce DEO 
identical. "This follows pace! een re- 
cessing stages involved in Caii Jc are 
sponses to such items in Poa 
isomorphic to those in Figure tons in the 
2. The RT vs. ST set size pie, drawn 
mixed blocks for positive test ei and for 
from the LT set (mixed LT-y es shoul 
distractor test items (mixed ae same 
vary with ST set size in abou s) as the 
way (ie, have similar ac because 
mixed ST-yes. This is the ca combine 
these two trial types involve s ed as the 
search stage that can be descri ie with 
sum of a component that Wee a con- 
ST set size (STS search time) TS search 
Stant valued component (L 
time). E 
r 
In contrast, for the y ec are 
illustrated in Figure 2d, STS ane dependent 
entered at the same time and two ants A stimt- 
searches are executed, Finding the ‘eS nediate 
lus in either store results in the E RT d 
execution of a Positive response, "S of whic 
pending only on the size of the B^ negativi 
the test stimulus is a member. ai bo i 
Tesponse, however, cannot be made id i 
STS and LTS are searched anc Thus the 
stimulus not found in either store. equiv? 
simultaneous mo 
lent of a logical ‘ 
and responses st: 
Predictions from " onl 
1. The mixed-no function should refers am 
the longer of the search times 0 esence ss 
LTS. This follows from the P responi 
and” gate which delays until À 
negative search outcomes ot 
final search is completed. : ould n 
2. The mixed LT-yes function $ there! 
reflect ST set size and should 
have a Q slope. 


the “ 
to 


pal 

rir 

EA it is clea che 

the above predictions, it "d wit are 

model is Ais 5m there 
First, ^ 


Si-a 
ixed 9^ 79 
Petween the Pure ST-yes and d yer pe 
Unctions in Figure 1. Second, the 2 ? nov. 
variance and 


3 w 
subsequent comparisons sh? 

mixed LT-yes and mixed no fungi T 
elation between RI ^ here 
trial types, though ctio? 

Significant differences in both pen : 
the case when ST Set size was Zero 


u 
as tal 
mul 

results are Consistent with the si! 
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model wi 
E ae pray if the time of LTS 
for all ST See r dam the time of STS search 
simultaneous dere, W hen this is true, the 
;9 the mixed LT. ie predicts the flat lines fit 
in Figure 1p o> un and mixed no functions 
ps not ze he model as presented here 
etwWeen the unt for the slope differences 
-yes (SM dais ST-yes, pure no and mixed 
ences within none) DE for the significant differ- 
a e mixed LT-yes and mixed no 
OWever, a ( Zero: and nonzero ST set sizes. 
te simultan luantitative model incorporating 
em Bs model for accessing STS and 
Search pio tibed here and a two-stage LTS 
(Atkinson on has been reported elsewhere 
ac veloped fe Juola, 1973, in press); this model, 
count for nee results of several studies, can 
Sults that i specific aspects of the present 
'Stinguish, he model presented here does not 
turning 
Orin, 1969) rà study cited earlier (Forrin & 
zoring a sim urther evidence can be found 
Y smal Ee anenue model. In that study, 
à ; Ss. BSc s 2, or 3 items) were 
Drege Translati ST sets were of similar size 
Sent terminol ng their results into the 
With S and Bed ep was found that pure 
Nhe Set size x T-yes functions varied 
Simi Pure no epa had different intercepts. 
Suge related, mixed no functions were 


Mere,” the 


at that for STS described by 
1971), this case is probably 


fay in t 

Si the Fare 

Thus "Meis Forrin and Morin study be- 
b he small LT sets they employed. 


ory” the si 
sim 
the "ultaneous model can account for 


e ; 
Similarit; 
larities and differences between 
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the results of the present study and this earlier 
study (i.e., the flat mixed LT-yes function and 
increasing mixed no function). 

The available data therefore lead us to con- 
clude that in a task in which there is relevant 
information in both STS and LTS, access to the 
two stores need not be sequential. Instead, it 
is possible that both stores are entered simul- 
taneously and that processing within one store 
is relatively independent of processing within 


the other. 
REFERENCES 


ATKINSON, R. C., & JUOLA, J.F. Factors influenc- 
ing speed and accuracy of word recognition. In 
S. Kornblum (Ed.) Attention & performance. 
Vol. IV. New York ademic Press, 1973. 

Arkixsow, R. C. Jvora, J. F. Search. and 
decision processes in recognition memory. In 
D. H. Krantz, R. C. Atkinson, R. D. Luce, & 
P. Suppes (Eds.), Contemporary de elopments in 
mathematical psychology. San Francisco: W. H. 
Freeman, in pres 

Arkixsox, R. C. 
of short-term memory. 
224 

Dott 


& Suireriy, R. M. The control 
Scientific American, 1971, 


J: Motivation, reaction time, and the 
contents of active verbal memory. Journal of 
Experimental Psychology, 1971, 87, 29-36. 
& Morn, R. E. Recognition times for 
items in short- and long-term memory. Acta 
Psychologica, 1969, 30, 126-141. 
JUOLA, Tela FISCHLER, l., Woop, C. T., & ATKIN- 
son, R. C. Recognition time for information 
stored in long-term memory. Perception & Psy- 


chophysics, 1971, 10, 8-14. 
STERNBERG, S. Memory scan 
revealed by reaction-time experime 
Scientist, 1969, 57, 42 1-457. E: 
TOWNSEND, J+ T. A note on the identifiability of 
parallel and serial processes. Perception & Psy- 


chophysics, 1971, 10, 161-163. 
(Received June 8, 1972) 


FORRIN, B., 


ning: Mental processes 
nts. American 


Experimental Psychology 
1915. et 08. No. 1, 102-108 


F Af. 3 R PAIRS 
AME A à JL 'S FOR WORD-COLOR P: 

| ND DIFFERENT JUDGMENTS i is 

p i WITH “IRRELEVANT” WORDS OR COLORS: 


EVIDENCE FOR WORD-CODE COMPARISONS ! 
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Latencies for same and different judg 
tween words and colors were determin: 
both a word and a color, The irrelev; 
of five possible rel 
These five conditi 
in latencies for m. 


ments resulting 


from comparisons be- 
ed with one of th 


€ pair of stimuli being 
dual stimulus bore cach 
relevant to the match. 
produced large differences 
nses were generally faster 
€ between the irrelevant stimulus and 
ated same responses but showed no 


int aspect of this 
ationships to the stimuli that were 
ons plus two contro] conditions 
aking comparisons, Same respo; 
than different responses. Correspondence, 
the combined relevant stimulus facilit i 

facilitation of different Tesponses. These findings indicate that basic differ- 
ences exist between same and different dec In some conditior 
irrelevant words delayed matche and colors more than irrel 


vant colors delayed such m; This suggests that central comparisons 
between the pai in a form more closely related to words than 


SION processes, 
5 between words 
atches, 

ir of stimuli were 
to colors. 


Treisman and Fearnley (1 
that judgments of the equival 
equivalence of two sti 


| 
969) showed 


T the 
Word matches) was not included f ast 
ence and non. 7 "reisman and Fearnley study; but , with 
ook more time — times for Within-attribute matching (ross 
when each stimulus was characterized by their complex stimuli relative tO igi 
a different stimulus attribute than when attribute matching with the simple "e T 
the two stimuli were ch described above indicated that little “ping 
same attribute,, Colors interference to within-attribute e the 
were compared in a Card-sorting task. An resulted from the competing values 9t 
pure E sed ; "cross- other attribute, ime foj 
cian a Mat UHR redis, m blue Jn addition to the shorter © ce a 
Since the word ; i e green Xs, Within-attribute matching tein pearle) 
this particu]. uo correspond, attribute matching, Treisman and iatchif 
E Dp ord into (1969) found that cross-attribute wei "8 
attribute" Die. Du eon was Considerably delayed when Coe M 
color was 4 SOULS of stimulus involved in the compa nat 


; E 
in blue Printed | : a color tal 
2 0th a w P i 2 ac Gon 
S of green Xs, apy Word and a color, Le, t o 


n example of 


i 

h ps addit of 
à Printed in colored ink The à ect“ 
atching for color nar O'ored ink. ; aspet ac 

i t ] ames delay VERI dues irrelevant @5F pou 

Was the word yeg Printed twice, one above th. Y» Produced by the irrele i 
the other with the upper w : lese combi 
ink, p 


n s . ocurred * yas 
il nation stimuli, occur colo Wid 
" equa i ve ‘here a a 

à two examples Would be ded Ston iers a a 
sorted different , d 


color mate 


i 

compared. an” W matching) M 
25 1 Same, respectively ong; & Word (CW 1 ‘as con! once 
Condition with simpl i i in, e Condition Jui ward cet e ; 
: pler stimuli for within- sed D a 
attribute Matching (both | 


z ) toa Color (W 
stimuli Xs for tween i 
au "'ords in black for IG 

! The author wishes to 

of Laurence J. Se 


C matching). The 
hes ; the stimulus cards for 


] ice of 2. elyi 
Matching was in the choice 0 “i 
acknowledge the assi 


d 3 S zo respec’ qus 
verance who helped d CEA f "s i ig val momen seas i im, 
a elped “Vel d a 
cedures and collected the data, : “velop pro- he Nu lower 
* Requests for re 
: 


noncombination am cM 
s. OF reprints should be se irrelevant aspect of the Pn f a | 
fey ila tian BTS nage ea th word SET 
Kontai i. ~aboratory, p matching and a color for WC mat oy 
Since anomalous situations can 


rch | 


pe —— 


Unique i ; 
ae about the normal pro- 
sions), the sr leg, optical illu- 
ürther explor ser study was designed to 
Combination à s delaying'efeng ot rane 
Cross-attribute , or and word stimuli on 
tion stimuli a matching. Such combina- 
ol the Stroo consi tte the basic elements 
or color en ee test, where the time 
Color coils ming with a series of colored 
Color that x (each of which is printed in a 
name) is omn not correspond to the color 
or color na ay ed in comparison to the time 
Color patcl ming with a series of rectangular 
Ides à Dien ise Stroop test itself pro- 
.. Central a ME studying the interaction 
and word E oe associated with color 
` teisman perception (Dyer, in press). The 
also lends Md Fearnley (1969) procedure 
M fact, ca to such investigations and, 
Wo ieee an advantage in that only the 
"equired irs. ha aati and different—are 
he — the number of levels 

í n addition i dimension. . 
bs Nath ue Treisman and Fearnley 
ited for d ling paradigm 1s excellently 
B Shine: « 1e study of the processing of 
Selye, ES different judgments them- 
leir results indicated that these 
Es disrupted for cross-at- 
js if differs with irrelevant stimuli 
bee me atid dii ii processes are involved 
b Suggested voee judgments as has 
Enc 1968). the indra, Donderi, & Nishi- 
uen reflect ns judgments may differ- 
reacting x et ects of redundant and/or 
Vant and Atioaships between the ir- 
Tn the pr relevant stimuli. m 
a ual verl Seni study, the times for indi- 
E" anal ^al same and different responses 
Orting X uii instead of the total card- 
al mde Treisman and Fearnley 
se, Platehin a allowed separate comparisons 
oe Ste ee for the followins 
Vo gories of relationship among the 


9 rele 
bi evi s A s 
Smuts. int stimuli and the irrelevant 


Rele 
levant values matching 
(same judgments) 
mulus, 


Oniy 
ol~, N 
Same—no irrelevant st! 
we 


Up 
Per oj): 
Stimulus is a word (for 


SAME-DIFFERENT DE 
ME-DIFFERENT DECISION PROCESSES WITH WORD-COLOR PAIRS 
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matches) or color (for CW matches) but 
not both ; 

Congruent-Same—upper irrelevant stimu- 
lus, color or word, corresponds to the 
relevant stimuli; 


Incongruent-Same—upper 
stimulus is different from the relevant 


stimuli. 


irrelevant 


Relevant values nonmatching 
(different judgments) 
irrelevant stimu- 


Conirol- Different —no 
ither a word or 


lus, upper stimulus is e 
color but not both ; 

Congruent-Different —upper irrelevant 
stimulus differs from lower stimulus but 
agrees with the relevant stimulus it is 
combined with ; 
Incongruent-Different A—upper irrele- 
vant stimulus differs from both relevant 


stimuli; 


Incongruent— 
vant stimulus agree 
stimulus (which implies 


Different B—upper irrele- 
s with lower relevant 
a disagreement 


with the combined upper relevant 

stimulus). 

Figure 1 presents à pair of stimulus con- 
ven cate- 


figurations for each of these sev e 
gories. The first example of each pair is 
for CW matching and the other is for 
WC matching. It is suggested that the 
outline letters in Figure 1 be colored to 
clarify these easily confusable relation- 

The lowercase letters r, b, & and w 


ships. 

stand for the colors red, blue, green, and 

white. White is neutral for these stimuli 
for the stimuli of Treisman 


as black was 


and Fearnley td 
The various redundant and conflicting 


ionships between the irrelevant stimu- 
vant stimuli suggest some 
predictions of differences in time for sanie 
and different judgments of the seven cate- 
gories. For the Congruent-Same, Congru- 
ent- Different, and Incongruent- Different 
A categories, the relationship of the irrele- 
vant aspect of the upper combination 
stimulus to the lower stimulus is the same 
as the critical relationship of the relevant 
aspect of the upper stimulus to the lower 


(1969). 


relat 
lus and the rele 
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CATEGORY 


Color-to-Word 


Word-to-Color 


Matching Matching 


Control- 


Some 


Congruent- 


Same 


Incongruent- 


Some 


Control- 


Different 


Congruent- 


: 
| 
= 


Different 


Incongruent- 


Different A 


Incongruent~ 
Different B 


Fic. 1. e 
categories of relati 
relevant aspects of 
scripts denote color- 


stimulus. This 
pected to perm 


(Congruent-Same) or 
and 
categories. 

this relationship conflict 


ent-Different 
A) for these 


ent-Same and 


categories, and cl 


might be expect 


Subjects, 
who had r 
served as § 
Visual 


ently 


color vision wit 
the Bausch 

Apparatus. T 
structed for each 
were colors combin 
white words, and th 
with irrelevant colo 
WC matches, res 
stimuli represented 
three colors (red 
words (red, blue, 
Same and all of 
slides for a categor 
different. For the 
Same categories, 
possible for each m, 


hin 


mples of stimulus 


een males r; 


in the e 
ity, with 


and Lomb Or. 


welve 35-mm, 
of the se 


» blue, and green) 
and green), 
the Differe 


only 


Pairs for different 
cen irrelevant and 
- (Lowercase sub- 
Breen, or white.) 


onship betw. 
the stimuli 
—red, blue, 


redundancy mi: 


ght be ex. 
it fast jud 


Sments of same 
different (Cong 


ru- 
Incongruent— 


Different 
On the other hand, 
s for the Incongru- 
Incongruent-Different B 
assification of these stimuli 
ed to take longer, 


METHOD 


anging in age 
ted Army basi 
Xperiment, 
! correction if 
norma 


20-24 yr, 

c training 

ad adequate 
E 


comple 


thorater, 
slides 
Ven categories. 
ed with irrelevant Words above 
€ other half were words combined 
rs above colored Xs for Cw 
ectively (see Figure 1}. 
all possible combin; 


were con- 
One half 


and 
The 
ations of the 
and the three 
For the Incongruent- 
nt categor 5, the six 
y and match direction were all 
Control Same and Congruent- 

three different slides are 
atch direction, To make equal 


ies, each of these 
numbers of stimuli in all categories, cacl 
slides was used twice. istance of 150 em 
Slides were projected at a Mem The height 
The background of the words was da d vin 
of the projected capital letters RU ion between th 
angle of about 2°, and the aede cua of Xs) was 
two words (or the word and the string 
equal to the letter height. ! — by : 
Verbal response latencies were n xi a Hunte! 
Voice-operated switch which Pep atatia o 
Klockounter that had started with pre: 
the stimulus, "—— 
Procedure. The Ss were tested at Within 
with about a week between hem. simuli were 
session, two random sequences of e pes in of 
Presented. Stimuli for Dis matahme in the othe 
sequence and stimuli for CW mates es wel h 
Six stimuli from each of the seven o began po 
included in a sequence. Half of the ~ ne and @ 
WC matching and half with CW oe 
the second session this order was TENES "ië 
Every random sequence of 42 stimuli ir kt. 
ment was different, Prior to each sequen 
amples of th 
tions for the r 


exper 
ex 


nterval betwee nS 
10 see. "The S rested tor speed 
s. Instructions stressed me ial 
Errors were noted and sn gition™ 
in a short sequence of a 
end of each regular sequence: 


à sequence was 
tween sequenc 
and accurz 
were repeated 
stimuli at the 


RESULTS | cat 
Response latencies for seven gene ulus 
gories of relevant and irrelevant A actor 
combinations Were analyzed as pee ie 
(category) in à repeated-measures MAC 
of variance that also included a 2 we 
actor of match directions, another joye 
level factor of 


c a SIX ue 

sessions, and a ted d 
fac nal jpresent*^ ne 
actor (combination) that repr 5 he 
erent particular combination t 
three c 


an 
olors (red, blue, and green) used fo 
three words (red, blue, and green) vinti 
attribute values. The standard a on 
of the responses latencies, calculate ane 
the Nearly equal error terms for one d 
Our-way interactions, was 204 RIS spe on 
Highly Significant differences oe 39: r 
or the seven categories, 7^ (6, 90) ency E 
The mean response late? hs 
the Control-Same category was 
ruent-Same category, uli cy 
vant and relevant pero ate? 
cided, Produced an average response ‘ost 
of 859 msec. A Newman-Keuls 


in 


1080 


1040 


1000 


960 


920 


AVERAGE RESPONSE TIME (MSEC.) 


880 


E ] : 
2z t t 
zE oo oo 
o0 2E 2E 
oo og Do 
g” cn 
S g 
s E 


bes 2. Average response times 

“tM u ati H H . 

ince stimuli for the two director 
wing data points are total e 
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Order 

M | means ind; 

p x gear cm this to be signifi- 

Cater Catear. S RUD than the Control- 

Congr’? wera rhe 3 Incongruent-Same 

Stin Ictec wath, the irrelevant stimulus 

late lis Satie the matching relevant 

lag CY of ni an average response 
,093 msec. This response 


his V Wi 3 
a as sienic 
n t] significantly longer (P < .01) 


hat of 1 
the six other categories. 


s mong 
tane Rs four categories requiring dif- 
RT any ith axe _ the Control-Different 
ma n eee irrelevant stimulus pro- 
the Whig coer response latency of 971 
Sang Per Diff as significantly faster than 
Con Y slower erent categories and signifi- 
al Suent than the Control-Same and 
fnt °°™parisons) categories (^ < .01 for 
" LN Neongrne i The Congruent-Differ- 
t. jy; sruent- Different. A, and Incon- 


Jiffer 


ach ot 
ther at the .05 level of signifi- 
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f relationship 


for different categories O! 
arentheses 


is of match. (Numbers in p 


rrors for that condition.) 


conditions Were 
and 1,025 msec. 
long 


Means for these 
, 1,034 msec 
Categories producing 
response latencies also produced high error 
rates (see Figure 2). The rank-order cot 
relation between response latency and error 
rate for the seven categories was 81. 

The match direction main effect did not 
approach significance and the only interac 
tion with this variable that approache' 
involving category: 

"This interaction 
irate analysis of 
lifferent re- 
Aver- 
match 


cance. 
1,047 msec. 
respect ively. 


for a sep? 
ries requiring ¢ 
3.06, p € -05 
the two 
all of the cate- 
preciable 


directions are | 1 
;ories in J The only aP 
j ections of match 


differe 
was 87 msec. longer, 


106 


on the average, than WC matching for this 
category. The parenthesized number fol- 
lowing each plotted point was the total 
number of errors in the experiment for th 
condition. The longer response | 
CW matching for the Congruent 
category was accompanied by 
rate with nine incorrect sa 
compared to only three for WC matching, 
These differences in response latency and 
errors between the two match directions for 
the Congruent-Different category provide 
a strong clue to the nature of central 
processing of colors and words, at least 
it occurred in the Present study, and 
discussed later in considerable det 
The six levels of the combination factor 
corresponding to the particular different 
combinations of the colors and words repre- 
sented somewhat different things for three 
subgroupings of the Seven categories, De- 
spite this fact, a signific 
combinations appeared 
analysis, F (5, 75) 
four Different c. 
criterion to des 
the separate 
the main effect w 


at 
atency for 
—Different 
a higher error 
me responses 


as 
are 
ail. 


ant main effect for 
for 


= 13.0, p 
ategories utiliz 
ignate these l 
analysis of th 
as also sig 


the overall 
< .001. 


ese categories 
nificant, Je (5, 
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issa of 
75) = 9.0, p < .001. The abscissa 
Figure 3 designates the relevant w Me " 
and relevant color value that com For 
differentiate these different levels, 
example, at the first point on the 2 leva 
the relevant word is red and the re these 
color is blue. Main effect means io at 
six levels of the combination -—9 pre 
the midpoints between the two ud indi- 
sented in Figure 3, Of the 15 possi "- six 
vidual comparisons between we indi- 
means, the Newman-Keuls proces the 
cated nine to be significant at at ae 
-05 level. Designating the points af 
abscissa from left to right as Leve 


l 
e à Leve 
Level 6 of the combination factor, 


ex 
3 4th. the 
differed from all other levels wit! m 


ception of Level 5. Level 4 differed 
evel 5, and Level 6 differed from a 
levels. NE 
The interaction appearing 1n mo 
between combination and match dii 55 
was not significant, /^ (5, 75) ;llustratt 
P «.20. Itis plotted primarily to! ossible 
the main effect, but it also indicates Pe chil 
ifferences between CW and WC ma s rel 
for the stimuli containing the wor agai” 
and blue, Parenthesized numbers ^ 1 
Tepresent the number of errors in the 
ment for the plotted condition. 
The main effect of sessions was z 0 
Significant, P Gy 15) = 13.9. Paesi 
Verage response time for the m i 9 j 
Was 1,037 msec. and for the seco iab 
msec. No interaction of other MicatiNe 
with this factor was significant, oet we 
that this improvement over sesa To a 
arly constant for different catego" word. 
rections of match, and particular effect 
color combinations, No other ma Atte | 


S poe 
or interactions in the analyses apP 
Significance, 


ther 


Discussion jfi ren! 
, Basic differences between same and ©" 
Judgments are illustrated in the presen ont" 
Ne faster time for same judgments m than of 
-Ongruent-Same catego endingar 
dgments parallels the jpute 
t al. (1968) for within-at p: pel y 
S of Colors; Posner, Boies: ¡pute fof aif 
ylor (1969) for within-attri 970) 


of letters; and Seymour 


anm 


SAME-DIFFERENT DECISION PROCESSES WITH WORD-COLOR PAIRS 


cross-; E 
i/o; Sel pera between words and 
ments led Bin cng! production of same judg- 
that differene ra et al. (1968) to conclude 
Eu pode ecision processes operated for 
gene pis judgments. New evidence 
TS even epe processes comes from 
sponses en ite erate times for same re- 
With the rele E 1e irrelevant stimulus agrees 
than in ine os stimuli (Congruent-Same) 
gruent Koel Fortran nre condition. Con- 
actually epus of words and colors can 
Over uve the speed of color naming 
Using Sa cape Stroop paradigms 
onset ite tial stimuli (Dyer, 1971b), and 
sponses p shone ode of the fast same re- 
Would be tha the Congurent-Same category 
Speeds eae at the congruent “irrelevant” word 

oding of the color stimulus. How- 


ever, : 

» this w à 

responses f would also predict fast different 

Which q ded Congruent-Different category 
ehnitely did not appear. 


Sategory of diff p In fact, 
anily elo ial different judgments was 
Condition, - ower than the C ontrol- Different 
redundancy This differential utilization of 
ent judgr y in same judgments than in differ- 
decision ^ ments argues strongly for different 
A. imn wi es for the two types of response. 
Nees betwe t this illustration of basic differ- 
fonsiderable i same and different judgments, 
Ying ees insight into the processes under- 
Sained fr ss-attribute matching can also be 
Clue to thas the present data. The primary 
in Etone y: processes is the large difference 
tions for EUN. benyen the two match direc- 
he irreleyanı Congruent-Different category- 
^" With which stimulus and the relevant stimu- 
s this vate > it was combined were equivalent 
HS Color cM When the match direction 
ane a eae with the irrelevant stimulus 
iy ayved felat, different responses were greatly 
(s Which q UNE ED the other match direction, 
See Piiira 3 irrelevant stimulus was a color 
a dme In addition, error rates were 
Ction, for the color-to-word match 


every 
Slgnific 


quire trans- 
attributes 
central 
gruent- 

match 
that 


SS-attr; 
cT Serie. comparisons re 
lis Make q Lou or both stimulus 
ati hem comparable at some 
Phe difference in the Con 
lis ben oi for the different 
EO tiatisfor De explained by assuming 
pete nation is required for one at- 
Et trana the other, and thus the form of 
h m» E ormed irrelevant stimulus for one 
ace hich Mia is already close to that form 
Ss mpi Ne central comparison is made. This 
9n implies that for the other match 


tions 
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direction the irrelevant stimulus would require 
"central com- 


transformation to be in this 
with the 


parison” form. The situation 
irrelevant stimulus near to the form of the 
central comparison would be expected to pro- 
vide more difficulty for the making of com- 
parisons for at least two reasons. First, the 
relevant. stimulus with which the irrelevant 
stimulus is combined would require transforma- 
tion, and while this additional process is 
carried out, attention would be directed to the 
irrelevant stimulus. 
transformed rele- 
erroneously made 
nce it is in the 
timulus in- 


exact position of the 
Second, comparisons of the 
vant stimulus could easily be 
to the irrelevant stimulus si 
same form as the other relevant s 
volved in the comparison. 
Since it was in matches of colors to words, 
where the irrelevant stimulus was a word, that 
long response times and high error rates 
occurred, the implication of the above reason- 
is that in comparisons between words and 
levant color is transformed into 
a word or, at least, into a form that is more 
similar to words than to colors. In addition, 
this transformation of colors to words is im- 
plied for both directions of match. 
Given that this analysis of the differences 
for the Congruent-Different category is cor- 
rect, some predictions also follow for the other 
Different categories. For the Incongruent- 
Different B category, the irrelevant 
stimulus is the same as the lower relevant 
stimulus, an accidental comparison during CW 


matching of a transformed color to the ir- 
relevant word instead of to the relevant word 
would not expend as much time as it did in the 
Incongruent- Different A category because the 
elevant and relevant words are the same. 
ssimilarity was noted—and the result 
an and Fearnley (1969) showing fast 
ggests this would 


matching sug 
he erroneous comparison with 


1 would not have to be 
time for the 


ing 
colors the re 


where 


irr 
When thi 
of Treism 
within-attribute 
not take long—t 
the irrelevant wore 
sped . The average response 
eee “ferent B category os e 
faster than r the Incongruent-Dif wd. A 
category (CW matches), although iH 

A it is in the direction that 
ae a In addition, 
Sooner? ategory was the 
Different category 
isons for CW m 


significant, ] 
this interpretation. 


jent- Different Be 
aly that allowed faster 
: ~ 
a ind atches than for WC 


matches. i 
Unlike the conclusion of the present study 
that the attribute of color is transformed to 
vord code, Seymour (1970) concluded that 


a v 
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in comparisons of words and shapes, p 
are converted to shape codes for the central 
match. His conclusion was reached on the 
basis of faster comparisons when the word was 
fixated first than when the shape was fixated 
first. Fixation was not controlled in the 
present study, but if one assumes that the top 
of the two stimuli was fixated first, then the 
different results for the two match directions 
for the Control-Same category, although not 
significant, are again contrary to those of 
Seymour for words and shapes. A basic 
difference may exist between the Processing 
of color and shape. Further research is planned 
where comparisons between colors and words 
are made with the order of fixation controlled. 

The differences that appeared for particular 
combinations of words and colors are not 
readily explained. Differences in time for 
processing of particular words and colors may 
constitute a partial explanation. But the data 
presented in Figure 3 indicate that color effects 
depend on the word and that word effects 
depend on the color, Further explorations 
utilizing additional colors and words may 
permit better understanding of these reliable 
combination differences, 

In providing evidence ab 
which the central com 
words was made, the 
category stimuli, j j 


in 
Parison of colors and 
g Different 
h stimuli 


and names of 
tion instead of c 


ol ames, 
(1970) combin h aies 


nating directions and 


ruent directi 
ili. 
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: s 
other visual stimulus dimensions sue 
achromatic shade, spatial position, mov i 
direction, size, etc., with words Ww 
values of the respective dimensions. i PE 
of the time required for comparisons T 
the words and stimulus values for Nes 
Categories and match directions should mation 
determination of the central transit 
that takes place to allow these comparis 
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Rats given rei 

€ given reinforced placement trials to 
en gr 1 pellet or 0 pellets and were 

PLN — speeds were faster for these two expe! 
` ol groups which had not been given the 15-pellet reward. 

a bar-press response to escape frustrative non- 


a bar. 


indisats 
UHR that rats would learn 
eward and reduced reward. 


Frustrati 
Sumes en theory (Amsel, 1958) as- 
Cues oe nonreward in the presence of 
an Mee paired with reward arouses 
tional res € emotional response. This emo- 
sumed lemma Mia frustration, is pre- 
leinforcino on inhibitory, excitatory, and 
ects mer properties. The inhibitory ef- 
Tesponse rne through decreases in 
been RUP during extinction and 
an aa UN in numerous be- 
le excitator ions (e.g., Kimble, 1961). 
t culis ^ effects have been demon- 
i the frustr: ten in the double runway, 
id the seco a eflect—faster running 
i an followin runway following nonreward 
een ow eis pia in the first runway 
SS iini eingi under many conditions 
89). The’ 1958; Daly, 1968; Wagner, 
Cre; iie a. re properties of frus- 
fo Ses in iin so been measured by 1n- 
L Owing extinction of a bar-press response 
in vine & Lo ction of a chain-pull response 
the me oesch, 1967) and by increases 

E agnitude of tl aril 

of agner, 1963) 9 the startle response 
the ustration js The reinforcing effects 
his oia been shown only by 
(eg jump ^ ion that rats will acquire a 
tig T Daly 1 sponse to escape frustration 
Nal , 1969a, 1969b). To give addi- 
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a 15-pellet reward were subsequently 
lifted out of the box if they pressed 
rimental groups than 
These results 


responses other than hurdle jumping must 
be demonstrated. One purpose of the 
present experiments was to determine if 
rats would learn to press a bar to escape 
frustration aroused by nonreward. A 
second purpose was to determine if rats 
would learn a bar-press response to escape 
frustration aroused by reduced reward, 
tions in reward magnitude have 


since reduc 
frustration (e.g., 


also been shown to arouse 
Daly, 1968, 1969b). 


EXPERIMENT I 


Method 


Subjects. Sixty male 
Holtzman Co., Madison, 


Holtzman rats obtained from 
Wisconsin, 90-95 days old 


perimen tal 


of their original body weight. They were housed 
cm., contained a bent measuring spoon, hanging on 
37-mg. pellets A re- 
d 4 cm. from the floor between the 
measuring spoon 
a photobeam 
14 cm. from the floor, 
from the floor between the measuring spoon and the 
Procedure. ht took 
present, but the light 
5 15 Ss per 
rou 
ge imental Groups 15-0 


and weighing 315-375 gm. on the first day of 
deprivation, were reduced to and maintained at 80% 
in individual cages throughout the experiment. 
Apparatus. A black painted box, 30 X 12 X 17 
the long wall 9 cm. from the end and 5 cm. from the 
floor, in which Ss received the designated number of 
(P. J. Noyes Co., Formula A). 
sponse lever (Lehigh Valley Electronics, Inc., Model 
1535), mounte i 
and the wall, was interchangeab le 
with a piece of wood which fit flush with the wall. 
Placement of S into the box broke a 
i a Hunter 
Klockounter (.01 sec.). When S presset 
the Klockounter was stopped. A 6-v. light, 10 cm. 
lever, wë when the photobeam was 
broken and tu response. 
8 days. For the next d six 
times per day 
bar was not pre 
and tw groups 
group: Experi I 
15 pellets 1n d cup during t 
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and remained in the box until finished m 
Control Groups 0-0 and 1-1 received no pellets a 
one pellet, respectively, in the food cup dune dus 
training phase and remained in the box for 10 se 
Following each placement trial .S was-returned toa 
retaining cage where water was available. For the 
next 5 days (test phase), the light came on as Ss 
were placed in the box and the bar Was present. 
Nine trials were given on each of the first 4 
and six trials were given on the fifth day. 

15-0 and 0-0 received no pellets and Grou 
and 1-1 received one pellet in th i 
pressed the bar, the light was turned off and S w: 
removed from the box and returned. to the 
cage. If S did not press the bar within 6t 
was removed and returned to the retaining 
a latency of 60 sec. was recorded. 
in squads of four, one from each 
were run in rotation, 


days 
Groups 
ps 15-1 
he food cup. If S 
as 
retaining 
D sec., he 
cage and 
The Ss were run 
group. Since Ss 
the intertrial interval varied 
from trial to trial due to variations in eating time 


and bar-press latency but ranged between 2-4 min. 
Two Es ran some of the Ss. 


However, both Es 
handled Ss prior to the training phase and no Æ 
ran an S for more than 2 days ina row. 


Results 


Mean bar-press Speeds (1/sec) in blocks 
of three trials are Presented in Figure L 
In general, the two experimental groups 
E 2x and 15.1, pressed the pa. 
faster than the two Control groups, Group 

ou 
0-0 and 1-1, bes 
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Results of an analysis of variance (52M 
X 14) indicated that the bari the | 
groups pressed the bar Hieter Pues 03; 
control groups, F (1, 56) = ae trial 
that bar-press speeds increased. ac p : and 
blocks, F (13, 728) = 10.52, p < "Xo Trial 
that the Experimental-( ontrol nificant, 
Blocks interaction effect wigs. E was no 
F (13,728) = 1.89, p < .05. Bel. 
effect due to one or zero pellets D ih any 
and this variable did not interact zd ifa 
other (all ps > .05). To determi speeds 
Sroups showed increases in bar- pret ati 
across trial blocks, comparisons 
Trial Blocks 1 and 14 were made. A 
15-0, 15-1, 0-0, and 1-1 all showed pea j 
increases in bar-press speeds, / (14) ly, all 
128, 306, and 3.23, respective? { 
Ps « .01. 


E] 
Discussion 


ificant 


x 


rd e 
"um ced-rewe - 
Both the extinction and reduced bar 
peri 


En in faster, 
Mental conditions resulted in fa 
press s 


editions: 
Peeds than the two control | Mu 
Presumably, Ss in the experiment? rewar 
had an expectancy (r,) for the ee ast ae 
conditioned during the acquisition P | frusti 
the small reward or i 
tion during 
Tustration ww} 
immediate 
response, 
One proble 
of the results 
2roups 1-1 ar 
?ar-press r 
tion reduc 


empty cup arouse eiat y 
the test phase. pus the bož 
hen S was removed foros th 
ly after the bar press rein 
uet 
m exists with the interp 
due to the finding Dn c 
nd 0-0 showed aonan at 
*Sponse, To conclude t ee z 
tion can reinforce an ata sour 
response, one must eliminate all ot "6 m 
of reinforcement because previous, spo" 


: ases 10 
tions haye demonstrated increases 
strength q 


4 eg” yox 

ue to an irrelevant anve, in me 
1965). It could be that confinement of P. up 
was aversive since control Ss pem. jng 
0x for 10 sec: during the first 60 Thar mof 
to 60 sec. ir they did not press ol oF iE | 
the test Phase. Therefore, cont py PIC S 
have learned to escape confinement cont a9 
the bar, t is also possible that ht. It par 
Pressed the bar to turn off the lig press ‘ef! 
een shown that rats will learn Us ak Je pt 
to hs llumination in the cham gurP“o 
300dr| 


E unt a 
1970; Lockard, 1966). " nct t 

f the li Was to increase the gels S gus] 

Füstration “in Groüns 15-0 and sh wn 

Previous 


S study (Daly, 1969b) hà 


mu 


groups given fr " 
IN oin frustration conditioning to appa- 
to escape — light jumped a hurdle faster 
conditioned se cues than if frustration was 
that study Mar to the apparatus cues. In 
ofthe cout v light had no measurable effect 
study it S end s behavior. In the present 
tom confine. HAVE. Therefore, either escape 
nation se le and, or the decrease in illumi- 
sponse, Fy lave reinforced the bar-press re- 
Irrelevant oe have merely been an 
in the ens which energized responding 
total drive i es groups by addiag to the 
orcement ns el, rather than providing rein- 
reduction &li the bar-press response via its 

he Duran of ic removal from the box. 
a) to cone of the second experiment were 
roups js e the extinction condition 

í 1 i ia 0-0) of Experiment I, since 
ka CONE fein peo these groups were not 
ance of the ng despite the statistical signifi- 
e control results; and (b) to determine if 
the bar-pre group would show acquisition of 
in the box T response if more time was spent 
Present di during training and if no light was 

iring the bar-press test phase. 


Expr EN’ 
Method ERIMENT Il 


Subject 

ra s 

Pin laine Cees Thirty male Holtzman 
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sctancy for reward extinguishes and the re- 
Ernst. magnitude of frustration 
Eee riment II, confinement in the box 

zm on present was not aversive, since 
cm D 0-0 showed a decrease in bar-press 
E Although it is unclear which of the 
e al changes caused the decrease rather 
E n increase in bar-press speeds in 
en p the most likely reasons involve the 
SR ird 10- to 60-sec. confinement 
Bre and/or the absence of the light 
in the test phase. 


aroused 


The fact that the frustrated group learned 
the bar-press response in à situation in which 
the control group did not is theoretically im- 
portant. In Experiment I, either escape from 
confinement or the decrease in illumin 
could have reinforced the bar-press res 
in both experimental and control 
as mentioned previously, frustration may have 
been an irrelevant drive which energized re. 
sponding of the experimental groups by adding 
to the total drive level, However, in Experi. 
other rein- 
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ponse 
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not acquire the response. The only 

between the experimental 

was the procedure which aroused frustrati 
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The present results a 
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The data thus provide additional ey instrumen 
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support to the statement that fr ‘ntal escape 
duction can reinforce any instrume 
response. 
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artial-report e »eriments 
experiment by l 
Ss made rev 
a display, 
second experiment (a recogniti 


ey — that Ss do not lose 
a p the stimulus display as a whole. 
ret oe found in partial-report experiments using 

Ss’ inability to retain information 


Visual probe. 


Sperli 
- (Ic : Ding (1960) and Averbach and Coriell 
GE p^ ince cp methods of par- 
is Vides: shown that more informa- 
lo a eo for report immediately 
be e exposure than 
xperir D in short-term memory. 
Accepted ge nents have led to a widely 
à visual p nee model which holds that 
l [onic ae is initially registered in 
| p Mornin ta y and that some of the stimu- 
; "m Memore is then transferred to short- 
1o ek worth HA & Sperling, 1961; 
E 1967) EE Neisser, 1967 ; Sperling, 
ES provid s Ithough other techniques 
R del (eig: jr ama consistent with the 
oN tanding ione & Collins, 1967 ; Haber 
en, 1969. es, Mewhort, Merikle, & 
Us ety eviden HM & Carey, 1966), the 
Partial. ce for it has been obtained 
an n Dart sampling techniques. 
an ray and E experiments, S is shown 
Dick "S to report part of that 
BE the classic 67, 1969), however, noticed 
the S involved d partial-report experiments 
~É Part to pe F use of a spatial cue, ies 
— eported is indicated via its 
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M Werbach and A. S. Coriell. 
iled that identity information, i.c., 
not lost as the partial-report cue is 

on experiment) supported the finding. A third 


n chistoscopic exposure is examined in three 
ye first is essentially a replication of a 1961 


Analysis of the type of errors 
the names of the elements in 
delayed. The results of the 


the spatial location of the probe 
]t is suggested that the decay 
a visual probe may result 
about where a letter is relative to à 


Thus, in order to report 
of probed elements, 
tial location of 


spatial location. 
correctly the identity 
S must also retain the spa 
those elements. Using à partial-report 
procedure similar to that of Sperling (1960), 
Dick examined the loss of different kinds 
of information from iconic memory. He 
concluded that different kinds of informa- 
tion are subject to decay at different rates 
and argued that identity information, the 
names of the elements in à display, is not 
as rapidly from the icon as spatial 


lost 
information. 
The three ¿periments presented here 
1969) work and 


follow from Dick's (1967, 
were designed to provide a more stringent 
test of the notion that spatial and identity 
information are lost independently. 


EXPERIMENT I 

The first experiment is essentially a repli- 
cation of Averbach and Coriell (1961). 
row of eight random letters was expose 
achistoscope, and § was required to 
r from the display- A bar 
nted after the exposure 
of the letter to be 
bach and Coriel 


onat 
report one lette 
marker was prese 
to indicate the position 


reported. As in the Aver r 
study, cue delay was systematically varied, 


but in the present study the duration of 
the cue was also varied. Both a long cue 
and a short cue were used as à measure of 
whether the decay function normally at- 
tributed to loss of information from iconic 
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cue uncertainty. If 
e tes i lost more did 
b. m tity information, perhaps n 
No n ed by Averbach und Coriell 
E End ive S sufficient time to identify 
Mega er its spatial location relative to 
E. e nts in the array. Therefore, ac- 
E sured by the correct identi- 
iiem geo elements in the display, 
MEN * been confounded by cue un- 
opes about the locus of the cue. 


Method 


5 ed in an 

Subjects. Sixteen "pee pps " 
introductory course in psycho! ogy i 
P served as Ss in the experiment. 
[err ante and procedure.  Eight-item random 

C bred were printed on white cards with 
Hee et Istat Lettering (No. 287) in uppercase 
Letras No letter appeared more than Once per 
jer Š : The visual substance of the display was 
Eeproimanely 4? X 4°. Cues were Printed on 
e cards using the letter I of the Letraset 
ehe One cue was prepared to correspond to 
the position of each of the eight letters presented, 
and all were printed so that one I appeared 4 
above and one I 4° below the corresponding letter, 

The materials were presented binocularly ina 
Gerbrand's three-field tachistoscope. The lumi- 
nance of all fields was approximately 4.5 ftl. The 
stimulus materials Were presented for 50 msec, and 
were followed after a dark interval of 0, 150, 300, 
or 450 msec., by a 40- or 900-msec, cue. The stimu- 
lus was preceded by ation dot, After 


ni- 


uncertain as to th 
E started each trial by 
Vhen ready, § initiate 
sequence, 
Each S was tested 64 times, 
defined by factorially combinin, 
variables: delay of cue (0, 
duration of cue (40 or 900 
in the stimulus (1-8). 
stimulus cards to the tes 
of presentation of the three į 
were independe: 


The conditions were 
g three independent 
150, 300, 450 msec.), 


ial position 
Both the pairi 


ntly randomized foi 
Resulis and Discussion 
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is Presented 
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nificant effects: s 
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: cue duration, 
7 5) = 31.5, p. < .0001; cu av di 
ü "ib 3.462, p < .02; and the m 
clie Pe bie. s AE P 
- X Delay interaction, / MNA. 
6.187, p < .002. When the par i; "E. 
aie "a short (40 msec.), cms iB 
lowered accuracy of report. Thi 


Sesi (19 
accord with Averbach and C inl. long 
results. However, when the e il delays 
(900 msec.), accuracy was low a brief, 5 i5 
of the cue. Thus, if the cue is memory, 
able to take advantage of Du see 
but if it is not, he cannot en for the 
iconic representation. The resu 


ex- 
P - with the 

long cue are not consistent Ld hele 
pectation that the long cue hu 


" ation, t 
retain spatial location a i 
enabling S to encode only ider sions; 
mation. Contrary to the pesa with, 
longer cue appears to interfere 


for- 


the 
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: ic image  . 
ability to utilize the iconic ‘was statisti 
main effect of serial position wé 
cally 


x the Í 
significant and pa eee) "g 
shaped curve usually tonna i Lowe, © 
Periments of this sort (Merikle, de 
Coltheart, 1971). rrors n8 A 
n analysis of the type of dicate wht 
by Ss was undertaken to in "disrupted: 
information in the icon was uld mak 
There are two kinds of errors n rom | 
“© could report another letter frc 1 
Stimulus or he 
not in the sti; 
Table Presents MT 
Proportion of intrusion errors, a ft 
of the duration and of the delay hé table si 
€xposure cue, Each cell in oun oh 
based on 128 trials (16 Ss X 8 intru s 
tions). With à mean number OFM | i 


the intr" 
errors of only 14.8, it is clear 
are rare, 
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letter was masked, the proP 


nber “on 
both the nu! inct? 


he pa j 


ob, 
he P in 
n 


= » 

mM = 
SS Ss e 
——— 


73 
2 
S 
USC 
[S 
- ae 


es eis 


S IATL IF 
PATIAL INFORMATION LOSS FROM THE ICON 


115 


80r 
EXPT I 
zu o A—— short cue 
nt, Am A long cue 
! vince EXPT II 
O o——oshort 
ù 60. $— sion QUE 
S 
o EXPT III 
$ 50 O—— short cue 
5 B——A long cue 
o 
a 
P! 
[2 
a 40 
IA 


[ign o io o r 
300 450 


0 150 


DELAY IN MILLISECONDS 


Fic. 1. Proportion of 


trusions and the del 
rect dine be close to .0 and that of 
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Piin ics it seems that the 
Reach E rit in the experiment 
NM display T ures to see the letters 
tag’ failures hey might represent, 
Dla al location to keep track of the 
fhe E this s of the letters in the dis- 
TA ii is the case, the delay-of-cue 
racy wh decrease in identification 
m » may ens Coe of the postexposure 
9n fades sn 'ecause the spatial infor- 

te Tin rapidly from the icon 
1 PHA informatioth and identi- 
y as measured by the par- 


.9 no 
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TABLE 1 
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ND Proportion oF à 
N Or INTRUSION ERRORS 


E (IN PARENTHE: 


by 
(d = 
Sec.) TROU: of cue (in msec.) 
ong 14 = aso | 300 450 M 
s acia | 10 (13 | 15 Can | 20 (20) TS (219 
s. | EEY | raga Cw) e 20) m 
He erp rei 14 (19) | 18 (22) 


correct responses as 
ay of the postexposure cue. 


a function of the duration 


e decreases as S loses 


tial-report techniqu 
of the letter relative to 


the spatial location 


the bar probe. 
The following experiments were designed 


to investigate directly the loss of identity 
ormation and spatial locus information 
from iconic memory. Experiment JI con- 
cerns the loss of identity information while 
Experiment ILI concerns the loss of rela- 
tive spatial information, i.e. the loss of 
the spatial location of the probe. 


inf 


EXPERIMENT Il 
e exposed as in the first 


but S was cued with a letter 
The S's task was 


The stimuli wer 


experiment, 
instead of a bar marker. 
to indicate whether or not the probed 


letter was in the stimulus display. n 
one half of the trials the probed letter was 
he display; on the other half it 

In the experiment, the re- 
ial information about the 
array Was minimal, 


he letter 
as one of almost 


the task W 


and therefore, i 
formation. 


pure identity in 
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Method 


Subjects. Sixteen undergraduates enrolled eg 
recoducterys course in psychology at Queen's 
sity served as Ss in the experiment, ; 
io. atus and procedure. The stimulus cards 
cm study were identical to those used in 
d fir t study. Twenty-six letter cues (uppercase) 
MU on white cards with Letraset (No. 287), 
letter per card. These were printed so that 
ach letter would appear 3° above the stimulus 
sequences, between Positions 4 and 5. 
The procedure for this experiment wi E 
that used in Experiment L However, in the follow- 
ing study, S was required to report whether or not 
the probed letter was present in the display. The 
trials on which the probed letter was not in the 
display were randomly interspersed among the 
trials on which the probed letter was in the display. 


as similar to 


Resulls and. Discussion 


The proportion of corr 
function of the duration 
the postexposure cue is pr 
1. An analysis of variance on the number 
of correct responses, given that the probed 
letter was present in the stimulus, yielded 
an overall effect of seria position, F (7, 105) 


= 5.705, p < .001. N n effects 


No other mai 
or interactions were significant, 


Whether the postexposuri 
or 900-msec. duration, del 
not lower accurac 


€ct responses asa 
and the delay of 
esented in Figure 


€ cue was of 40. 
aying the cue did 
Y of report, In fact, ac- 
curacy is above chance (50%) for all delays 


and both durations of Cue. Thus, the 900- 
msec. probe field Was not degrading the 
stimulus in a general way (cf. Eriksen, 
1966). In Experiment I, when discussin 


vas also Suggested that 
regardless of the durati 


that notion, 
there is no loss 
Postexpo: 
With the exception 
analysis of the correct 
ditions on which the probed lette 


present in the display yielded no Significant 
main effects or ; The 


yan 


interactions, 


nce again W 
nuch fl 
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ion 
II, it seems that regardless of awe Ss 
or the delay of the postexposure : given 
can retain the identity informatior formes 
in the stimulus display. ldentity "ul the 
tion does not appear to decay wW Es pe 
delay of the cue. Thus, the edes. & 
formance with cue delay (Aver iera 
Coriell's, 1961, result) must be ler. 
without involving the idea that 7.1069 
is lost from the icon. Dick's ie ? infor- 
suggestion that spatial and identi es 
mation are independent seems a rea , result 
possibility, i.e., the decay curve bee L 
because S has lost the spatial loca in th 
the probe relative to the elements 
display. 
EXPERIMENT III 

The following 
to investigate S's 
tion of the þ 


:ened 
signe 
experiment was —-— 
ability to locate t „stiga 
ar marker and to inve perio 
the possibility that during the ape. 
between the stimulus and probe, red not 
ous factors such as eye angen 
caused S's frame of reference e id 
The stimuli were exposed as in T ind 
two experiments, A bar-marker ed w 
cating which serial position to BEE 
Presented after the exposure. The i 
was to indicate the serial posi. 
that the bar demarcated. Note t€ ir 
identity anq position of letters wa esen 
vant in this task. Letters were pr o 
to make the visual characteristics 3 
experiment the same as those of ^" 


-rele 


ment I, 
Method in att 
in 4 
Suis ; enrolled "ijai 
Subjects, Sixteen undergraduates imeen u 
introductory Psychology course at Q 


: re 
versity serve as Ss in the experiment. li used MT, 
" Pbaratus and procedure, The Sine ‘io! 
Ne same as Experiment |. In the follo ial po. nt 
however, S was required to give the x with iei 
phat the bar Probe demarcated. A car from le (5 
emarcating the serial positions." front © ot 
‘ped on the tachistoscope 3 < 5 did ^ia 
Therefore, to do the tas 


ake 
mil 
i4 tut u 
rial positions but CO 


Results and Discussion 


as 
S Í 
^ onse" » g 
The Proportion of correct resP on 
func 


: ira 
ction of the delay and the C" 


etter 


the postex 
An o cue is presented in Figure 
Positions Poia of variance on the serial 
significant rrectly identified yielded two 
main effects: serial position, F 


tion, F a 

main ms — 5.501, p « .03. All other 
En interactions did not reach 
Icular tieta evel of significance; in par- 
effect, te Was no significant delay-of-cue 
Spatia] da, Mea, S could retain the 
display im tion of the probe relative to the 
1 ih uring the delay. i 
Fecr; Pio ud significant duration-of-cue 
Nec, cue ps being lower for the 900- 
d The duration-of-cue 
a Hele ABS in Experiment I 
it does epart cue was also a bar 
ar Sie appear that there is a 
E le Iina "ne non operating in the case 
sary for rker probe. Since it was not 
ation E = to retain any identity in- 
in Peek present experiment, but 
he probe. iens location information 
Bs may ma a that the long bar 
atial information. with the processing of 

le seri : "yin 
erial position curve for this experi- 


Teta 


^o and 7067 

Et Ormanes d correct, respectively. Thus, 
be " and Conte T experiment of the Aver- 
to ited by is (1961) variety appears to 
Suc] S ability " — factor related 
"ees a limitario ocate the probe in space. 
essi Atgumente questions the force of 
lg ae s concerning serial pro- 
Ean Merikle En partial-report studies 
t; 1972), al., 1971; Mewhort & 


h GENE 
b lhe g NERAL DISCUSSION 
Je] first è 

n that Aver- 


Xperiment has show 
not 


n P 
Spl and = 
le; Coriell’ 
long üle wenn s (1961) results are 
3 d p" 
uy, {Uration 1 the postexposure cue isola 
" of long 


Introducing a cuc 
nhances 


5 tion ; 

Saka. Mh " : 
aga bility t erferes with rather than ¢ 
the Md thee the the icon. While it might be 
fg Con, tl 1e long probe is simply masking 
5 here are several factors în the 


Whi 
c " 
h show that masking alone could 
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not explain the effect of the long probe; for 
example, if the long probe field was degrading 
the icon in a general way (especially at an 
interstimulus interval [ISI] of 0), then the 
proportion of intrusion errors in Experiment I 
should have been greater for the long cue than 
for the short cue. This was not the case; the 
proportions were the same for both. Similarly, 
in Experiment Il, the long cue should have 
vielded lower identification accuracy than the 
short cue. Accuracy was, in fact, the same 
for both cue durations. There wasa significant 
effect of cue duration in Experiment III. This 
effect is irrelevant to the present argument 
ince S did not have to identify any 
the stimulus display, it should 
degraded in terms 


however; 
elements in 
not matter that they were 
of identity : S should have been able to identify 
the spatial location of the probe. Although 
the proportion of correct identifications of the 
probe location is lower for the long probe, ac- 
curacy is still well above chance (3 — .125). 
Finally, the results of these experiments have 
been replicated using a light-light-light cycle. 
If, for example, luminance-summation mask- 
ing were degrading the icon, one would not 
expect replication with light ISIs. Thus, it 
does appear that masking phenomena cannot 


explain the long cue effect. 
The only evidence of a decay function found 


in the experiments involved the short cue. 
It may be that S continues to process the cue 
until it is terminated. Because the icon is de- 
caying during this time, 900 msec. will elapse 
before Scan extract any usefulinformation from 
theicon. Eriksen and Collins (1969) have sug- 
gested that it takes about 200 msec. to process 
an indicator and to direct attention. There- 
fore, at an ISI of 0, at least 200 msec. may 
elapse before S can make an accurate response. 
Since the life of an icon is about 250 msec. 
(Engel, 1970), accuracy will be high at an ISI 
of 0 (because the icon may still be present) 
and will decrease as the ISI increases- 
continues to process a probe until it is terr 
nated, accuracy would then be lower for a 


probe of long duration. 
se of th 


ni- 


e experiments was 


The main purpo 1 a 
to examine the independence of spatial an 
Experiment JI has 


information. 


hen identity information alone 


as no loss of this kind of 
lysis of the types of 
h and Coriell (1961) 
y infor- 


identity 
shown that W. 
obed, there W: 
The ana 


the Averbacl ‘ 
d that identit 


artial-report cue 
ars that Dick's 


was pr 
information. 
errors made 
experiment also indicate 
mation was not lost as the P 
was delayed. Thus, it appe 


in 
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esis received some sup- 
per M vA s Sie lom of one kind 
ort. However, to infe ee a 
E: information because gia 1 ma bi jr m 
i ify her kind of info 
iid bm d M ed rate of decay for 
Tp kinds of information. The porem 
tial, if it exists, is apparent only when mus 
lies more than one form of information 
dii Itaneously. Indeed, there may be three 
iad of spatial information to be considered 
in the Averbach and Coriell paradigm. One 
is information about the location of a le 
relative to the gg display ; 
ion about the location o X 
oec to the bar marker display ; and a third 
may be considered as the relative location of 
the bar display to the letter display. Experi- 
ment III demonstrated that S had no trouble 
connecting the spatial location of a bar relative 
to the bar display if the cue was of a short 
duration, and thus, in an Averbach and 
Coriell experiment, the loss of information 
may also be influenced by S's ability to con- 
nect a particular bar location to a particular 
letter location. In Dick's experiment the ap- 
parent loss of spatial information may have 
resulted from S's inability to connect a letter 
to its appropriate location in thel 
An unreported experi 
this information d 
of the cue. 
Information is lost only if S h 
locate and identify items in the d 
Experiments II and III 
only one of the tw 


tter, 
another is infor- 
f a bar marker, 


as to both 
isplay. In 
» Where S had to 


© tasks, accuracy was high 
for all delays of the cue, In 


Experiment I 
accuracy was low, with the exception of the 
short cue delay of 0 ISI. å Possible reason 
for the high level of accuracy of 0 ISI has 
already been noted. 7 ecay function 
found in Partial s 
due not only to 


task requiremen 


do 
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Ss were trained to overtly rehearse, e 


consecutive i i i i 
onsecutive input words during list presentation and later 
found that these two intralist organiza 


That i 


the whole list. It w 
functioned in the 
ordinary free recall 5s, they had 


me way. 


a ben 


ither forward or backward, every three 
asked to free recall 
tion procedures 
relative to the performance of the 
eficial effect only on the last three serial 

e immediate free 


positions, but had a detrimental effect elsewhere when th 
they had a detri- 


Furthermore, 


recall considered. 
mental c 
pm discussed from an organi 
sel? . T 
ree" rehearsal during acquisition w 


in “free” recall. 


tional 


E The g 
important pt of organization plays an 
E. Ües- rera] In contemporary analyses of 
967; Tul i (FR) experiment. (Mandler, 
basic iin. 1962). "There are two 
teory in q M underlying organization 
recall; (5) Pe ing with the problem of free 
toa particu] or any list of words presented 
“ation th: Mar S, there isan optimal organi- 
lat will maximize his recall. (b) 
of Words d imposed by S on a set 
tructure epends on his perception of the 
T "re of the list (see Postman, 1972). 
assumption refers to the fact 


e are numerous strategies which 
ist items 


^ S 
?rganization 


B, the 
an 

Je ei f 
anq nployed to organize the | 


Nat Z c ; 
Optin one of the strategies will generate 

vil tend Organization which, in turn, 
Ximize recall. The second assump- 


T 

fire. t out the fact that the best 
Who i demands the S's exposure to the 
ila inet in order to discover any semantic 
Pelco eo (subjective or objective) em- 
a tha, the list. Put together, they 
e egit any restriction on the part © 
' N Organizing the whole list will have 

This 


etr 
S in é 
temen Al effect on his recall. 
n wee: is the point of departure for 
put. b Seis investigating the negative 
"al bred transfer in the multitrial free- 

Up ng situation (Tulving, : 
Charles N. 
he course © 
Snavely in 
writing 


t to Ovid 
o State 


ct over every serial position. 


zas the basic pri 


in the delayed recall, 
The role of grouping in free recall 
The conclusion was that 


1 viewpoint. 
inciple for organization 


'The above statement, according to the 
very heart of an organization theory, should 
also be applicable in a single-trial free-recall 
paradigm. Such a proposition has not 
yet been too widely investigated. The 
present study attempted to test one 
implication of this hypothesis by forcing 
a particular rehearsal scheme on some of 
the Ss. Suppose the Ss are trained to 
organize every three consecutive input 
words during the presentation of the list 
and, later, asked to free recall the whole 
list where the performance presumably 
depends on an optimal organization over 
the whole list; then, a recall decrement 
should be expected. For example, a 
12-word list is presented to S at a 1-sec. 
rate, and S is trained to study each word 
and, after the presentation of every three 
words, to overtly recall the preceding three 
words according to their presented order. 
At the end of the list presentation, S is 
asked to free recall all of the 12 words in 
the preceding list. This trained-rehearsal 
strategy will divide the whole list into 
four separate blocks (three words P 
block). Jf it is true that recall level depends 
: integrity of the structure over the 

` the restriction imposed by 


F list, then tl jeno! 
ap ai tralist-organization procedure 
in com- 


Il decrement, 

level of the ordinary 
re integrity of the 
; possible. By using 
procedure, & recent 
.and Hung (1972) 


an ex 


perim 
study B zen ^il debilitating effect of the 
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MEAN % CORRECT 


ig 10 


Fic. 1. Mean percent of 


function of seri 


intralist organization, 

study such an effect seen 
to the first three blocks (i-e, from Serial 
Position 1-9) large facilitating effect 
was observed at the recency portion (i.e., 
the last three Positions) of the forced- 
organization group. Since 4 Special FR 
(i.e., silent rehearsal Procedure) was used 
as the control condition, one might expect 
the Fecency effect to be Suppressed when 
the verbalization Was minimized, 


udy emplo 


However, in that 
ned to be restricted 


There- 
yed a more 


ast three 
Another in 


et al.'s (1972) 
of the forced-o 
probability i 
to be affected 
retrieval. 
was the presentation 
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occurred because t 
organize every thr 
their input order. 

to see if the s 
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teresting finding £ 
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l-sec. rate p; 
rom MI by an audible "click" (monitored 
backward E n interval timer). The S in the 
trained to ralist organization. (B) condition was 
order. fos ad every three words in a reve sc 
A, B, C, eo en if the input sequence was 
Tate, The t he was to call out C, B, A ata L-sec 
recall conditi iird condition was an ordinary free: 
condition en and served mainly as a control (C) 
ist was py he S read out every word while the 
ection ue 3 me in order to equate 
me pde dones the previous two 
i ehh d Jove three conditions, 
hacen: E ( di Wis initiated after 
cide ar He e ol the 12 words. Upon 
br a hua T o th IFR, S were allowed 
D FR, all 420 ed recall (FFR). Following 
IA mly on ae i in the pool were printed 
touct 11 in. sheet, and Ss were 


ed to ci 
; circle 
€ lists, ircle the words they had seen in the 


RrsuLts 


dr 
; TeCogniti 
Cognition, for the F, B, and C con- 


itions 
aoa ael b Pine M ur 
"A, and m done separately for IFR, 

Ana ysis ecognition. 
mee on ud RT Although the perform- 
An that irst list was slightly better 
tance (i Subsequent lists, analyses 0 
i Ned no s i as repeated measures) 
tar * the Berit le list effect, all Fs € 1. 
on Mine the pF concern here was to 
the € recall Fu of intralist organization 
of." Seria] ed list words with respect to 
dip, "fect re ee the mean percentages 
in ODS as ay Is for the C, B, and F con- 
uim of the four blocks 
ame ized Mp over the five lists) are 
(b 3 Vas appli able 1. Analysis of vari- 
lori Ween. s) ma ied to this 3 Conditions 
Wag! design is Blocks (within-S) fac- 
b highly © The main effect of blocks 
001," op ifcant, M; 126) = 145.28, 
of all three ne recency effect was observed 
5 ic The main effect 
Py ied not significant, F(2, 42) 
ag Conditio owever, the interaction be- 
latistic d and blocks, as expected, 
Ba, 6, big ally significant, F (6, 126) 
he "izatio .001. That is, the intralist 
four * had differential effects Over 
M atison, ocks. The Scheffé multiple 
ed gO" method (Kirk, 1968) was em- 
bug nne this interaction within 
* The contrast V = #6: 7 BRP: 


The 
Overz 5 : 
an erall results, including IFR, FFR, 
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TABLE 1 
MEAN PROPORTION OF CORRECT RECALLS IN 
IMMEDIATE FREE RECALL FOR THREE 
CONDITIONS AS A FUNCTION 
or Four BLOCKS 


Number of block 


Co i 

ud E 

" | 2 3 | 4 
[o 37 40 55 | 83 | .59 
B 37 33 <59 94 | 53 
r do | 28 48 | 0 | 35 


i referred to the i block) 
was tested since the F and B conditions 
were comparable to each other. For the 
four blocks, the F values for the contrasts 
were 10.20, 6.24, .03, and 7.03, respec- 
tively. Except for the third block, every 
F value was greater than the critical value 
F' (2,42) = 6.14, all ps < .05. It was con- 
firmed that the intralist organization had 
a facilitating effect only on the last block, 
but had a debilitating effect on the first 
two blocks. 
Analysis of FFR. Inspection of Figure 1 . 
showed that the FFR of the C condition 
was better than those of the other two 


conditions across every serial position. 
FR seemed to 


Unlike IFR, the result of F 

reveal a large list effect. Therefore, the 
data summarized in Table 2 were collapsed 
over the four blocks within each list. 
An analysis of variance for this 3 Conditions 
(between-S) x 5 Lists (within-S) factorial 
design was conducted. Both main effects 
of conditions and lists were significant, 
F(2, 42) = 5.81, and, F(4, 168) = 27.87, re- 
spectively, both ps < .001. No interaction 
between condition and list was observed, 
F(8, 168) = 1.17, #5: On the one hand, 
the consistent superiority of the FFR for 


— lup, (where 


TABLE 2 
BER OF CORRECT RECALLS IN FINAL 
ALL FOR THREE CONDITIONS 
NcrION OF FIVE Lists * 


Total 
5 
80 | 17.47 
AAT | 10.94 
.07 | 1327 
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TABLE 3 


5N SS FOR 
ECT RECOGNITIONS F 
x NuMBER OF CORRECT REC 0G ; 
p dung Cours AS A FUNCTION 
É or Five Lists 


Number of list 


Total 
ups 1 2 3 4 5 
1 47 | 7.73 | 9.00 | 37.33 
& | zas | $40 | $73 | oor 706 | 31.39 
E | 667 | 613 | $80 | 620 | 753 | 323 


the C condition over the five lists eon 
he hypothesis that the intralist organiza- 
c! during the input phase had ^ aer 
mental effect on the delayed reca! elere 
the performance depends, presumably, on 
the secondary organization (Tulving, 1968). 
On the other hand, the Significant. list 
effect evidenced the retroactive inhibition 
over lists for unrelated words (cf. Tuly 
& Psotka, 1971). 5 * 
Analysis of Recognition. lable 3 sum- 
marizes the mean correct recognition scores 
for the three conditions as a function of 
the five lists. The data Were not adjusted 


since the averaged numbers of false alarms 
for the C, B, and F conditions were very 
comparable to one another, They were 
3.8, 4.0, and 3.9, respectively, An analysis 
of variance similar to the one for the FFR 
data was Performed on those unadjusted 
recognition scores, Although Ss in the G 
condition recognized more words than 
those of the two organization conditions, 
the differences were not large enough to 
yield a significant main effect of conditions, 
F(2,42) = 2.36. The Conditions X Lists 
interaction, F(8, 168) < 1, was not signifi- 
cant. The only signi 

was the list effect, results of 
FFR, both primacy and recency effects 
appeared in Table 3. Apparently, when 
recognition was measured, the performance 
of the earlier lists Was released from the 
strong retroactive inhibition Observed in 
FFR. According the organization 
theory, this result indicated that the dis. 
tinction between availability and accessi. 
bility of stored information Should be a 
central issue 


in the analysis of forgetting 
(cf. Tulving & Pearlstone, 1966). 


ing 


Unlike the 
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freedom for 


elween 

Comparison of Response Ase E. the 
B and F conditions. pec organiza- 
procedural differences of a n B and P. 
tion, these two conditions, ulus in terms 
produced almost identical xem ss the three 
of the overall recall level acros Sly. , 
different memory measures, etfeniar con- 
FFR, and recognition. Of E mis within 
cern here were the response pat ination ol 
each of the four blocks. Somer For 
Figure 1 revealed an interesting t response 
the first two blocks, the mar order 9 
parameter was the pou was true 
words within each block. T AH re traine 
for F condition where the Ss ES to thelf 
to organize the words prie B con 
input order. It was also true + organi? 
dition where Ss were trained according 
the words in a reverse fashion 1 that 
to their input order. It seemec whe 
function of intralist organizaban to have 
forward or backward, was main oe which 
Provided Ss a basis for mem in a b 
functionally separated the m „e able t 
into four blocks so that Ss ben ity 
devote all their rehearsal ac IER, 
given block. At the nme 10) os for 
grouping provided effective "i increase" 
words in the later blocks i lled. Th 
their probability of being reca cross y 
Jomogeneous response patterns br Jl o 
three curves for the first uy use di 
Suggest that the retrieval Stalin. gt 
generate these items are very $ " resp? al 
the other hand, the Nene E 
Patterns for the last two blac = re o 
that differential retrieval cues d reco mt 
sible for IFR, FFR, and, maybe, su p 
tion. Hence the results seem ; orgett" 
a cue-dependent interpretation 0 
(see Tzeng et al., 1972). 


mu 
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Itl sly 
th 


1 
. pR, d" 
atin FR: n 

as been demonstrated that ir vio 
the p 


B 
k ; item, I n 
resentation of a given ite chearse arie 
Presented words are likely to ber 


ets "7 ó 
the c siti ch rehearsal S° Ru 

he Composition of such re 

from one 


cg 
input position to the eei strat 
& Atkinson, 1970). This reheat yani? 
reflects S's intrinsic attempt to p recall (he 
input information such that lat siding eel 
be maximized, In this sense, P 


"m 
ears? 

d » rehe 

variations in the 7 


during the i 
of E ee phase is the basic principle 
Opportunity iam Any restriction. on that 
A lie i gem cause a recall decrement. 
Organization : the present study on intralist 
recall decren Sonenn this expectation. The 
FOR ofa ev nent resulting from forced repeti- 
Bier 2 M item at the time of presentation 
to the dh Meinzer, 1967) can be attributed 
The Er of this freedom principle. 
lays a debili that the intralist organization 
grouping oer role seems contrary to the 
owever ae noted by Neisser (1967). 
finge. s experiments conducted by 
that in FR 970) consistently demonstrate 
Solely en B grouping has a beneficial effect 
finding ien Ne last one or two groups. This 
zation bs OU in agreement with an organi- 
ing to TEE OR for the FR data. Accord- 
fects ol m ADS (1968), recency and primacy 
ol org served in FR represent two types 
(Glanzer 
Prim 
Char; 
refe 
list 
Org. 


anizati 
"i rather than two different stores 
Mes S cnt, 1966). 
M reter " 

» refers to effects attributable to t 
the other, termed se 
nization that is imposed upon 
individual S. 


The first, termed 
ask 
condary, 
the 


acteristi 


rs 
t to organiz 
Y the 
A aniz, 
ction | 


Accordingly, an 
inter- 
zation 


but will 
Further- 
pends 
tion, intralist 
1 detrimental 


diens recency portion, 
meres in a delay Ing effect elsewhere. 

ainly on the yed test where the recall de 
Ranizati ne secondary organiza 
ect, on will have an overal 


Among 
talk 
Present 


the m: . " 

e many investigators who prefer 
curve as 
short- 


to 
A ag ] the serial position 
(pa memor vor different stores, 1-€+ 
wd i ni m PM) and long-term memory 
Spo Tobust end (1972) defines ‘SI M as “a 
OUR to mi egli mechanism that re- 
ig PUE it[ — except the passage of items 
in Talist 6 B: 148]. The facilitating effect of 
IF is rganization on the recency portion 

» Of course, contrary to this definition. 

s g effect 


» Not only does this facilitatin 

actually worse 
These results 
a two-store 


Sa 
Dez 
thay Pear, but i 

performance 1S 


ha 
hy Not E ahs C condition. 
Te othesi ; y accommodated by 
Ir ae reflects hich assumes that the recency 
Se, QE ieee loss from a short-term buffer. 
ere is n parameter in STM is “time pat 
Tela of orga A RRSO IO expect that the reca 
ive, die oe conditions (i-€-+ B and F), 
extre at of the C condition, changes 
mely good to extremely bad (i-€+ 
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from IFR to FFR) while the time factor is 
held constant for all conditions. Another 
compensatory process, whatever it is, must 
be postulated. However, these problematic 
findings are the necessary expectations for an 
organization theory of FR. Since theauditory 
and for temporal information produced in the 
intralist organization is readily accessible 
for IFR, the primary organization will be 
benefited. On the other hand, intralist 
organization violates the principle of free 
rehearsal; thus, the secondary organization 
will be hindered. Once a certain kind of cue 
had been generated and used in IFR, the 
recall probability of FFR would come to 
depend on the extent to which the Ss still 
maintained these cues. The response patterns 
in Figure 1 support this formulation (see 
Tzeng et al., 1972). 

An organization theory o 
against the proposition that a nonzero asymp- 
tote reflects the “permanent” characteristics 
of long-term memory. If the asymptote is 
in any sense permanent, then the stability 
should hold up across lists (i.e, between 
trials) ; otherwise, the stability would hold 
up only within the framework of a single 
presentation and test (i.e, within trials). The 
recency effect substantiated in Table 2 reveals 
that the asymptote isa *within-trials," rather 
^ between-trials" phenomenon. In 
rm memory does not seem 
(Murdock, 1972). 


[ FR will also argue 


than a 
other words, 
to be all that permanent 
Furthermore, the primacy effect revealed in the 
recognition data (Table 3) indicates that the 
above retroactive inhibition is a ^ cue-depend, " 
rather than à "trace-depend" phenomenon 
(Tulving & Psotka, 1971). 
The conceptualization of 
| composition sets 
anization has 
ications. First, 
trace storage 


long-te 


the variations in 
as the basic prin- 
at least two theo- 
the hypothesis 
be proposed by 
s enigmatic unless 
umption that sub- 
uisition has nothing 

» This is 
of storage 
to 
nization 
matter 


rehearsa 
ciple of org 
retical impl 
of "independent 
Slamecka (1968) become 
one makes à rigorous as$ 
jective rehearsal during acd 
to do with “functional storage- 
impractical for it delimits the notion 
to only the perceptual level. 

emphasize the importance of free orgat 
in FR implies that retrieval is not à 
of simple associative chaining, but rather an 
elaborated plan whose formation demands the 
preakdown of the presentation order. If this 
“subjective retrieval plan’ ds important for 
optimal recall, then the ineffectiveness (some- 
times an inhibitory effect) of contextual cuing 
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«a (1968, 1969), can be 
C side dade dedu of the iurc 
SU pet presentation of a random selec- 
pen ba in a haphazard sequence (Post- 
tion 
man, ig reser Study, fhe apn 
In the P patterned after Craik’s (1970) 
paradigm rein Ss were given several lists to 
study whe at a time, each such presentation 
recall Cc one "cycle." After five such 
ang Ss are asked for final recall, i.e., 
mede to recall as many words as possible 
E Ate entire final lists. In a = = 
individual cycle corresponds to a force 
aa rganization. Thus, according to 
ee argument, one should expect an 
Svr FFR relative to the recall level of 
the Ss, who mee yy the 60 
a single list. 
put hebes. as previously described were 
asked to learn the 60-word list presented at a 
3-sec. rate. A 30-sec. neutral task was inserted 
before recall was initiated In order to eliminate 
the recency effect. The Same recognition test 
followed the recall test. The mean Correct 
recall in this 60-word list was 22.73 which was 
significantly greater than the FFR of any 
of the three conditions, F(3, 56) = 16.14, 
p < .001. The mean Correct recognition of 
the 60-word list (40.07) was also significantly 
better than that of any of the three condi- 
tions, F(3, 56) = 4.29, p < .05. Therefore, the 
detrimental effect of intralist organization 
seems to be very general; and more impor- 
tantly, this effect is observed not only in 
recall but also in recognition. 
In summary, the main con 
drawn in the present study 
rehearsal in acquisition is the 
n in “free” 


words pre- 
Another 15 Ss from 


clusion to be 
is that "free" 
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S observes his prismatically displayed 
ous background, was nterpreted as en- 
between the visual and proprioceptive 
an be facilitated for 
background 
1 referents for arm localization. 
»roduced significant adap- 
and active-movement SS 
es were included in the exposure back- 
dent upon instructing S to specifically 
nting finger and the target line. 


externa 


Both passive- 


Another view of the activity of S in the 
experiments described above is considered 
in the present study. Consider that S has 
a well-developed sense of his egocentric 
orientation when he begins the exposure 
task. The Sin the active-movement condi- 
tion then detects the lateral displacement 
of the optical array for one of a number of 
possible reasons. At the beginning of the 
exposure condition, he is aware of the 
location of his arm vis-à-vis his body plane. 
This localization is effected through pro- 
prioceptive information. lt will differ 
from the localization of the arm produced 
by visual input. The S will detect this 
discrepancy between the proprioceptive an 
visual localizations of his hand if he tracks 
his movements. Tracking is meant here 
to be synonymous with testing. The S 
actively tests the location of his hand using 
the relevant sens Thus, he 


ory inputs. 
may move his hand such that it appears 
proprioceptively 


across his midline, yet 
visually it appears much further to his 
left when wearing base-right prisms. Simi- 
larly, if SS movements are sufficiently ex- 
tensive, he may visually detect his hand 
ring his visual field on his right, but 
ly feel it to be much beyon 
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ent visual and proprio- 
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i ible. They were 
even though this was a pid ers 
. 1 à very passive ''set en 
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E de ve simply failed to process the 
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one the apparent visual and apparent 
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peatedly, the sensory inputs from the task 
that refer to arm location. The fact that 
the degree of adaptation in the procedure 
of Held and his Co-workers seems to peak 
in approximately 15 min. . (Efstathiou, 
1969) probably indicates the limited nature 


of the information provided in this task. 


s for several 
hours experiences many situations Wherethe 


conflict in visual and Proprioceptive infor- 
mation (e.g., stumbling on a curb) is Strong 


and novel, and thus adapts to a much 
greater degree (Hay & Pick, 1966), 
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Kent State University, They receive 
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Fic. 1. Test and exposure apparatus. 


fo 
" Dart; 
| Partici 
tiy Icipati 
gla ating. Only Ss wi 1 
Abba S Were raro who did not wear correc- 
ratus. The 2n 
* with head ne 2 was seated at a small wooden 
^ head-and-chin rest, positioned on a combina- 
al Procedures, rest. Throughout all experi- 
rotating ee S wore welder's goggles with 
à cloth spin attached to the front surface. 
py, Pad rest in was attached to the goggles and 
mate ent. The bir order to further restrict head 
49,5 489, Ty TORRE field of view was approxi- 
the od ront of S, on the table, was à 
Serv “€ facing S (see Fi 
S (see Figure 1). When S was to ob- 


T 
On qum T 
Was 
Widg 
ident 


] 
pa Aree pl; : 
art ack lines 
ines, .32 X 15.24 cm. and 5.08 cm. 


the box on the 
the 


Slide. Ting ee by reading 
thus ir thas was attached to 

noveme Condi ee with it. In certain ca 
n a ent on ub. in which .S viewed her ow! 
d ape eig aan the box, a white tag 
bpa Art, Woe ce X 15.24 cm. black lines 
Deg Cus. attached to the backboard © 

X £n. " 

2 Sus primary experim 
al design in which active VS- 


the interior 
ases of the 
n hand 
boar‘ 


f the 


ent featured à 
passive 


movement during exposure to the lateral displace- 
ment produced by the prisms was one factor, and a 
homogeneous exposure background vs. numbered 
I he exposure background was the 
other. Eight Ss were randomly gned to each of 
the four group Direction of optical displacement 
was counterbalanced in each group by having four 
of the Ss wear prisms with the bases oriented right 
and the other four with the bases oriented left. In 
addition, a control group of eight Ss used passive 
movement and an exposure background consisting 
of unnumbered target lines. 

Procedure. The experiment was conducted over 
a 2-day period. On the first day, the Ss practiced 


ting their unobserved hand at target lines for 
20 min. This was done in an 


a stable base line for the pointing 
the effect of the prismatic 


target lines as t 


poin 
approximately 
attempt to produce 
tests used to assess 
viewing. 

On the second day, all 
ask before and a 
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fter a 10-min. exposure 

c displacement. The 

set at 0 diopters for the pre- 
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Risley prisms were 
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vertical blac! 


h of three 
board sheet placed on t 
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it was located on the internal slide. 

All of the experimental manipulations took place 

during the prism-exposure period. In the passive- 
hed her hand 


movement conditions, the S wate 


moved laterally across her visual field by Eat a rate 
of about one cycle every 6sec. The E accomplished 
this using the meta hed to the slide on the 


1 rod attac! 
top surface of the apparatu In the active 


s box. 
conditions, S moved her hand herself at the same 
pace. An electronic metronome was used to indicat 
the movement rate. In all exposure conditions, S's 
hand was situated on top of the rectangul 


ar box. 
The extent of movement was equated over all move- 


exposure 
of these tas 
order, at each 
on a white tag 
of the apparatus. 
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itions. Tot rement was approxi- 

3 conditions. Total movement w prox 
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preexposure 
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love- 
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The one interaction that was e. 
and accounted for a large propor 
the variance in this analysis was 2 48) 
Base Orientation X ‘Test Target, P M 
= 8.92, p < .001. The data indin test 
aftereffects were enhanced when à. latera 
target and the direction of Hig E. the 
shift produced by the prisms were where 
same side of the visual field. Thus ilta 
base-left prisms were used, whic F ht, the 
the visual field 11° to the S's rts. PFO" 
right, center, and left test targe i 252 
duced aftereffects of 2.259, 1.54^, e 
respectively. A Newman-Keuls ee was 
indicated that the right-left dineren |. 
Significant (b < .01) as was the SE when 
difference (p < .05). Conversely. Y the 
base-right prisms were worn that shi 


B A er, an 
visual field to S's left, the right, center; 
left test t 
1.149, 


"effects 
argets produced diu e phe 
poke and 3.36°, respectively. ace 
right-left difference (p « .01) and nificant 
right (p < :05) differences were een tha 
y the Newman-Keuls test. eden with 
none of the higher order interactio! 


Sus E A Test Target W? 
tism Base Orientation X Tes 


* 

ent 
Significant, this interaction was independent 
of exposure background and mo 
factors, . adapt 
Traditionally, in studies of visual a A 
tion, 
perim 
heir significance from zero. 
aftereffects i 
Sure, ¢ test | 


« mea 
are used as the dependent " Dy 
$ for correlated means ves an 
Ployed to Compare the preexposur rouP: 
Po exposure measures for each Z q 
"his analysis w. 
the Present st 
Which differen 
ie, 


: > data , 
as applied to the in 


arison* 
udy for the ama jud i ted 
tial outcomes were pP" gsti 
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Movement ( 
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in the right-h 
the Prism B 
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the g 
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active or passive) X a ine) 
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The results of one" sente 
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ase X Test Target PL gro" 
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t the aftereffects represent? | to 
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TABLE 1 
FOR THE THR E 
R THE. A FUNCTION or Pris 
be Bii TION FOR THE RIMENTAL Groups EE 
Exposure oe " 
ackground Exposure | Prism base Testteruet 
ovement orientation a 
Me SD: 
im Left | Center Righ 
aes : ight 
geneous | Active Right | 2.75 95 
i 2,75 95 1.92** 2 
iem Lett | X80 1.08 i 
Target j ssive Right | 1.98 1.90 *os 2.36 
Ef E seft 0.00 75 ps i 
Active Right 3.12 2:00 1.85* 1.73 
i, Left 185 1.58 is í 
sive Right 2.58 —.48 2.70* 2.70 
E O OoOO Left 2.52 5:60 i 
* Mean and ara; A ae ae : 
* 1 and stands eis P ü 
ae $ D andard deviation collapsed over test targe! and prism base orientation. 
DISCUSSION 
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Mifersc ime 3 
r ge is presented in Table 1 
the | tes ne four groups. The results 
Seneous ex ts indicate that with a homo- 
En ings praep background, the typical 
2Ottliel eee early Held studies (Held & 
Schlank, ' 1930)" Held & Hein, 1958; Held & 
og ement 29 were replicated. Theactive- 
Meet of 1 eee showed an average after- 
x 92°, which was significant, £ (7) 


3.68 
ü op z m . 
Koup e .005. The passive-movement 
hic] an average aftereffect of .93°, 
= 1.04. 


Cn was 
With mt nonsignificant, ¢ (7) = 
Oth tlie target-line exposure background, 
Ups ANS and passive-movement 
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Es | 1859, , for the active-movement 
Re lar to id = 2.83, p < .025, was 
ffe ous ed obtained with the homo- 
ARMS or He DAP. The average after- 
Not rt (7) | Passive-movement group was 
Bro; Tepresent; 3.65, p< (025. Although 
ag D. Pai ed in Table 1, the control 
Sj, D ex g the unnumbered target lines 
b able ax Sa background, showed 2 
ot^ .05 ereffect of 2.119, t (7) = 2.24, 
&, this oi he standard deviations (SDs) 
Aj Crimen (ar iro measures for the four 
Are ‘ough il OMS are given in Table 1. 
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the f tereffec did not relate to the Size, Ea 
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< 3 
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conditions of the present study in which adap- 
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hat adaptation in 
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A model of visual 
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both active- 
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posure background. These 
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information about arm localization. This pro- 
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passive-movement Ss have no need to control 


i d 2g its further 
E rect mov ement. i[ he rest 
see tha ctured background 


t adding à struc 1 
does not enhance adaptation for ex e elt 
ment 5s. The question then arises about thin 
manner in which active movement 5s test for 
position. The significant Prism Base 
nalysis of the Pr ase Orientation x 
raction was by Benjamin 


arm 


+The al 
Test Target inte 


ism B 
suggested 
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Orientation X Test oe 1e Ee 
indicate one way in whic this is à ^ 
Ps reat indicate ae eee 
ects were found, In di >, 
E. for the test target aper m 
side of the visual field oan, w ae * 
prismatic shift occurs, in comparison ES 1 a 
target on the opposite side of the visual fiel 3 
This finding implies that visual boundaries 
can serve as external '' targets" in the adapta 
tion process. The term “visual borin darles 
refers to the fact that the side of the visual 
field to which the prismatic shift is directed 
becomes truncated. This is probably due to 
the fact that the eyes shift their direction of 
gaze toward the prism apex. None of the 
higher order interactions involving the prism 
base orientation and test target factors were 
significant. Thus, the fact that this interac- 
tion was not unique to a particular segment of 
the adapting groups would seem to indicate 
that when Ss track movement within the 
visual field, even when involving passive move- 
ment and when induced by the background 
lines, the visual boundaries become enhanced 
as points for testing arm location. 
It may be appropriate to relate the findings 
of the present study to those obtained by Singer 
and Day (1966). In that study, both active- 


and passive-movement Ss showed significant 
aftereffects from prism exposure. 


employed procedures that do not ap 
distinguishable from the methods employed 
in other studies, such as in the homogeneous 
exposure background condition 
experiment, where passive 
However, there was one 
Day's Ss had two tar: 
visual field in which t 
finger movements, 

the preexposure an 


The study 
pear easily 


s of the present 
Ss failed to adapt. 
difference: Singer and 
get lines present in the 
hey were observing their 
These lines were used in 
d postexposure coordina- 
tion test, but were still visible during the 
exposure period, 


It is interesting to speculate 
that these lines could have served the same 
COMI Ui UA ON 
Wallace. This interaction has bee 


n replicated under 
à variety of exposure conditions 


(Wallace, 1972). 


~~ po WT 
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purpose as the target lines in the pene sobi 
This argument is based on the sizable m 
effects found for the passive-movement m 
using the unnumbered target lines. cane E 
finding indicates that the numbering a 
target lines and the attend sg stage = 
probably not as essential in the Sue 

search as the presence of the line targets. 


REFERENCES 


S d ag- 
ErsrATHIOU, E. Effects of exposure time den. 
nitude of prism transform on eye-hand E E, 
ton. Journal of Experimental Psychology, 
81, 235-240. - 
Hav, J. C., & Pick, H. L. Visual and pigpiodepi y 
adaptation to optical displacement of the v 


stimulus. Journal of Experimental Psychology, 
1966, 71, 150-158. 


Hay, J. C., Pick, H. L., & Ikepa, K. Visual capis 
produced by prism spect. Psychone 
Science, 1965, 2, 215-216, ES 

Her A. & HrLp, R. A neural model for wb 
sensorimotor coordinations. In E, E. Bernar d 
M. R. Kane (Eds.), Biological prototypes ait 
synthetic systems. Vol. 1. New York: Plen 
Press, 1962. dying 

Herp, R., & Gortiirs, N. Technique for simi i 
adaptation to disarranged hand-eye coordinat! 
Perceptual and Motor Skills, 1958, 8, 83-86. rel 

HELp, R., & Hern, A. V. Adaptation to disarrange 
hand-eye coordination contingent upon re-afler 


Spi 58, 
stimulation, Perceptual and Motor Skills, 1956 
8, 87-90, 


HELD, R, & SCHLANK, M. :stance 
arranged eye-hand coordination in the dist: 


dimension. American Journal of Psycholog) 
1959, 72, 603-605. 


SINGER, G. H., & Dav, R. H. 
and aftereffect with o 
Effects of active and 
relationship between ti 


acles. 


4 is- 
Adaptation to d 


ion 
Spatial adaptation 
ptically transformed v4 thé 
passive responding an! ges 
est and exposure respon, 
Journal of Experimental Psychology, 1966, 
725-731. 
WALLACE, B. A 


n? 
; " " atte! 
^ n examination of the role of d 
tion and visual-proprioceptive informatio 
visual adaptation to prismatic displacement- 


Published doctoral dissertation, Kent State 
versity, 1972, 


(Received June 14, 1972) 


| 


Journal oj Experimental Psychology 


1973, Vol. 98, No. 1, 131-137 


Release from proactive interference wa 
tion modality. A large release effect w 
to auditory memory letters and from 
release was observable both in terms c 
correct recall response and (b) a great 
conditions coming from the memory tr 


finding of a rele: 
inconsistent, ind 


" 
Serm SIN has developed a tech- 
stimuli nhac ing how to-be-remembered 
hime cm. encoded in memory. rhe tech- 
Bintel eee that if a stimulus is repre- 
hie 2» a memory code similar to the 

used to represent a memory stimulus 
proactive 


Presente i i 
Presented on the previous trial, 
will re 


interferenc : $ 
preme from this earlier code 

e the probability of correctly recalling 
t trial. 


the Á 
memory stimulus of the curren 
of 


on trials with the same type 
ence Th increase the proactive interfer- 
prob hereby reducing even further the 

"ability of a correct response. Any 
memory stimulus 
ge in the type 
ould greatly 
interference 


of — in a major chan 
reduce "ia code employed sh 
FON ea k amount of proactive ! 
Probability trials and thereby increase the 
ie im ity of a correct response. Thus, 
Die, performance found after a 
evidence v the type of memory stimulus is 
tenes Dus release of proactive inter- 
Occurs į and the trial on which the change 
m called the “release trial. 
ile ee Hopkins, Edwards, and Ga- 
(1971) employed this technique 1" 


an a 
; attempt to establish the importance © 
e. 


St 
ne modality on the memory CO 
Proactiy e: found a large recovery d 
rom bans interference when they shi a l 
Memor gue to auditory presentation of t he 
Y stimulus, they found no recovery 


auditory to visual memory 


ase effect following modality shifts, 
ates that the use of shadowing 
to result in memory codes isomorphic with m 
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vs measured following shifts in presenta- 


s found both when shifting from v ual 
letters. This 
of (a) an increase in the probability ofa 
er likelihood of intrusions in the control 
igram of the previous trial. The present 
while earlier findings were 


as the distractor task is | 
emory stimulus presentation. 


On the basis of their results, Hopkins et al. 
it may be necessary either to 
assumption that visual and 
encoded differently, 
that the 
in fact, 


suggest that 
(a) drop the 
auditory stimuli are 
or (b) drop the assumption 

Wickens (1970) technique does, 
the important features of the 
However, while it may be 
true that Ss oceasionally do not encode 
visual and auditory stimuli differently. 
(e.g., forming subvocal or word-association 
codes for both) and may not have done so 
in the Hopkins et al. study, it does not 
necessarily follow that this is the usual 
There is considerable evidence that 
given the incentive to do so, use 
| image memory codes 
torial memory stimuli 


measure 
memory code. 


case. 
Ss can, 
either name or visua 
for either verbal or pic 
(e.g. Tversky, 1969). It would seem, 
therefore, that to ensure a release from 
proactive interference resulting from à 
switch in presentation modality one would 
that the experimental 


have to be certain X l 
conditions were conducive to using memory 
c with the method of pre- 


codes isomorphi 
sentation. One pro 
has this property 15 
repeat aloud) a seri 
during the retention interv: 


é ither visu 
resentation of eith dv 
P emory letters. Under these conditions, 


Ss apparently use name codes (ie sub- 
vocal responses and/or auditory imagery) 
itory t the visual memory 

for the auditory but no visu on 
Parks, & Kroll, 1971; 


ch apparently 
having S shadow (i.e 
ries of spoken letters 
al following the 
al or auditory 


ocedure whi 


at all į 
in shifting from auditory tO visual. á 
A RE E g )n au y E letters (Parkinson, ks, | 2 
z A, Rae ae reprints should be sent to Nea Salzberg, Parks, Kroll, & Parkinson, 1971). 
of Capp 2l, Department of Psychology, University To ovn asual imagery is ap arently 
lifornia, Davis, California 95616. However, meu ges pM 3 
131 


132 


TABLE 1 


ESENTATION MODALITY 
E Y TRIGRAM PRES : 1 
ap TAR USED IN EXPERIMENT | 


| Trial 
E op pb s 
alviviv| vey fv 
T R V| A(R) | A 
Wl |V|A|A]JA A(C) |A 
IV VRJ A | VIR») | V 


iations: A = itory me y trigram prese 
viations: A = uditory memory trigı - 
Lue Quer memory trigram presentation; (Ri) = re 
ERN AN (Ci) = control for (Ri), 


used for remembering the visual mem 
letters (Parks, Kroll, S 
son, 1972). ; 

The present experiments 
release effect of Switching 


ory 
alzberg, & Parkin- 


measure the 


Presentation 
modality when S is required to shadow 
during the retention interval. If the 


shadowing procedure js successful in its 
attempt to induce S to employ isomorphic 
memory codes for visual and auditory pre- 
sentations, a strong release effect should 


be found when the presentation modality 
is switched in either direction, 


SXPERIMENT | 
Method 


Subjects. Undergraduate volunteer: 
and 66 males) from an 


course at the University of 

as 5s for this experiment 

Tor their participation, 
Design. There were 32 


The 32 groups represented 
of four diffe 


5 (126 females 
introductory psychology 
California, Davis, served 
and received class credit 


groups of six Ss e 
all possible 
5 of pre: 
Y trigram), tw, 
and four differe 
Table 1 shows the 
Ol presentation modality. 

1) have the release trial on 
two sequences (LI and IV) h 
Trial 5, "Thus, every S wa 
control and release conditio 
The first trial of every 
presentation modality as the release 
Sequence in order to reduce possib] 

here were two differe 


ach, 
combinations 
sentation modality 
o different sequences of 
nt sequences of memory 
four different sequences 
Two Sequences (I and 
Trial 9, while the other 
ave the release trial on 
1s observed under both 
ns, but on diff 
Sequence use 


the first 
ast four 
tter lists before 
resulting eight 
modality Sequences 


shadowing letters on the |, 
trials and the other .S shadowing le 
number lists, Within each of the 


combinations of Presentation 
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re were four different 
and shadow list sequences; Mone une pi different 
sequences of memory i rud to trials were usel 
assignments of memory Eram level across trials. 
to help equate trigram difficulty e ; lists were con- 
Materials and apparatus. „Shadow es (from the 
structed by randomly selecting 35 ile s 35 numbers 
Set A, C, D, 1, M, O, R, S, U, and v) M CTS letter 
(1-10) with the restriction that no Je A female 
or number was used twice in Ep qn o two 
reader recorded the resulting lists at NOS tri- 
letters or numbers per second. The s 6. H, pd 
grams were selected from the letters B, se more than 
L, N,Q, T, X, and z with no letter "he association 
once in any particular trigram. T ae EST to 29% 
value of each trigram was less than or b. E recorder 
(Witmer, 1935), One track of a sterco a the audi- 
was used to present the shadow lists ¢ Fane while 
tory memory letters binaurally via x controllec 
the other track contained signals whic pim sensi- 
the visual presentations by means of a i 026) and 
tive relay. A card punch (IBM Mode Iled the 
associated relay and timing circuitry M letters 
sequencing of the visual letters. The -oeat 
(8.5 cm. in height) appeared vja a single s eries 
readout unit (Industrial Electronic PUE eye 
80000) located approximately 1.8 m. from: i were 
level. The three letters of each eee yproxi- 
flashed at a rate of 2/sec, with an on time of a[ 
mately 200 msec, each, 
Procedure. 
assigned to or 
arranged sche 
Practice w 
shadowing 
strated, after which § 
memory task, On the 
Memory trigrams we 
and replaced three 
numbers of the shad 
and eleventh items 
lead-in to the me 
tion interval, - 
both the female- 


x was 
Each S reported individually "t pre- 
ne of the groups according to rriva z 
dule based on the order d letter 
as given on both number an demon- 
until an 80% accuracy level yos for the 
received instructions | Is, the 
auditory memory tria "voice 
re recorded in a male aps of 
of the female-voiced apes 
OW task. Since the ninth, p? d 
were replaced, there was a seten- 
mory trigram and a 12a dow 
The Ss were instructed to $ nbers 
and male-voiced letters or "On the 
and to remember the male-voiced letters. í each 
visual memory trials, the three letters a with 
trigram were flashed succe ively, contegno i and 
the female voice reading the ninth, pour 
eleventh shadow letters. The Ss were ins il 


e 
Wes whi 

to continue shadowing the female lv presente 

Watching and remembering the visually P ial, 4 
letters. “at the b 


; tr ; 

ginning of each memory memory 

tape-recorded message told S whether the iditorl y 
trigram would be presented visually or respons , 
on that particu After writing his Ado that 
S slid hi ander a black CONEY y a 
i not be direct? ire 
In order t 
would not change 
à change in n AT 
he was on the last rials ang 
ained spaces for 15 t we 


ess 
Tesponse she, 


S heard 


a S efore e 

ing of a tenth trial du s 
end of the Experiment was signaled. like tho? 
end of the Fesponse period for Trial 9, 


80 
m 70 
a 
a 
o 
o 60 
- 
z 
wu 50 
a 
ul 
a 

40 

O AUDITORY, LETTERS 
Tf 
1 si m AUDITORY, NUMBERS 
O VISUAL, BOTH 
1 2 3 4 6 7 8 9 
TRIALS 
Fic. Pere me e 
G. 1. Percentage of correct letters recalled in Experiment I as a function 
list, and trial 


of me i i 
emory trigram presentation modality, type of shadow 


number. 


Ol es d 
arlier tri 

rials, was indicz WS 

another ms s, was indicated by the beginning of 


Res 
S ç s. 
ults and Discussion 


The s. 
“ een ecol responses were scored with a 
] Nas Sec criterion; i.e., order of recall 
Widder only the recall of each 
also Meee cee ih letter. The data were 
S. letter ain en. the basis of serial recall 
recalled in E counted as correct only if 
basis of ett eat te position), on the 
PEE varios: ect recall (a trigram was scored 
recalled : only if all three letters were 
asis (1 - correct order), and on a 4-point 
addition, aem for each correct letter and an 
recalled al point if all three letters were 
Similar be the correct order). Extremely 
Methods atterns were found by all scoring 
Percentare Figure 1 shows the resulting 
1 tation age correct as a function of presen- 
modality of the memory trigram 


and tri 
Te H H 
ment = number. As in an earlier expert 
list Xroll, 1972), the type of shadow 
influ- 


need uem vs. numbers) greatly 
Memory r recall performance with auditory 

q with vis etters, but had little or no effect 
"Igure gree memory letters. Therefore 
presents recall of auditory memory 


adow list, 


letters as a function of type of sh 
types of 


but averages across the two 
shadow lists for recall of visual memory 
letters. Performance is also averaged over 
all Ss having the same presentation mo- 
dality for all trials except Trials 5 and 9 
where control and release conditions are 
presented separately. In Figure 1, the 
control conditions are connected with the 
points representing earlier trials having 
the same presentation modality. However, 
release conditions are connected to 
controls with a vertical 
difference between the 
percentage correct for the release condition 
and the percentage correct for the control 
condition. (Refer to Table 1 for the differ- 
ences of presentation modality.) 

riments found markedly 
when switching 
esentation than 
to auditory 


the 
their appropriate 
line labeled by the 


ent sequ 
Since earlier expe 
different release effects 
from auditory to visual pri 
when switching from visual 
these conditions were ana- 
Trial 5 was also analyzed 
separately from Trial 9. Thus, four sepa- 
rate 2X2 analyses of variance were per- 
In sh, the orthogonal factors 
of shadow list (letters vs. num- 
ndition (release vs. control). 


presentation, 
lyzed separately. 


formed. 
were type 
bers) and co 
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On Trial 5, recall of the visual memory 
letters was significantly better in the re- 
lease condition, F (1, 92) = 4.870, p < .05, 
but was not influenced by type of shadow 
list (F < 1) nor by the Condition x 
Shadow List interaction (F < 1). The 
pattern for recall of auditory memory 
letters on Trial 5, however, is much more 
complicated. As shown in Figure 1, there 
appears to be a small release effect with 
number shadowing, but a large “negative 
release effect” with letter shadowing. That 
is, Ss with letter shadowing and auditory 
memory letters on Trial 5 remembered less 
if they had just switched from visual 
memory letters than if they had been 
receiving auditory memory letters all along. 
This pattern results in a significant interac- 
tion, F (1, 92) = 5.687, p < -025, and 
poorer recall with letter shadowing, F (1, 
92) = 11.049, p < -005, but no significant 
direct effect of condition, F (1, 92) = 2.029, 
b < .10. This negative release effect is 
difficult to understand, but m 
due to a chance increase in c 
mance on Trial 5. (Notice th 
of control Ss with 


ay be largely 
ontrol perfor- 
at performance 
auditory memory letters 
and letter shadowing is much higher on 
Trial 5 than on Trials 3 or 4.) Also Ss in 
the release condition may have found it 
difficult to handle the sudden increase in 
task difficulty (i.e., most Ss find remember- 
ing auditory memory letters much more 
difficult than remembering visual memory 
letters while Shadowing letters). 

On Trial 9, recall of the visu 
letters was again signific 
release condition, F ( 92) = 10.684, 
p < .005, while not being influenced by 
either type of shadow list (F< 1) or the 
interaction (F < 1) Recall of auditory 
memory letters on Tria] 9 also shows better 
recall in the release condition, F (1, 92) 
= 12.383, 5. < .005. Unlike Trial 5, the 
interaction. is not significant, F (1, 92 
= 2.370, p < .10, While the effect of type 
of shadow list on auditory recall is now of 
borderline significance, F (1,:92) = 3.928, 
pe 05. 

On Trial 9 there ; 
recovery (return to 
in all four of the rele 


al memory 
antly better in the 


‘ppears to he 100% 
Trial 1 performance) 
ase conditions (visual 
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and auditory memory letters, number and 
letter shadowing). The degree of the a 
covery may be somewhat aaa, 
however, since the memory trigrams ke 
on Trial 9 were not counterbalanced W ue 
those used on Trial 1 and the former n: 
have been somewhat easier. While e. 
size of the recovery (in terms of return E 
Trial 1 performance) is ese ge MEPE 
the occurrence of the release effect d 
terms of difference between release MA 
control performance) is not. The "^ 
Same memory trigrams and shadow E 
recordings were used for both control an 
release conditions. 

If errors increase over trials because of E 
buildup of proactive interference, then am 
trials should show a high percentage of i 
trusions from Preceding trials. Converse a 
if a shift in the modality of memory letus 
presentation reduces proactive interference 
release trials should show a low percentag 
of intrusions from preceding trials. che 
this, in fact, happened in the present A 
periment is suggested by the finding ha 
24.3% of the intrusions on Control Tria 1 
5 and 9 were from the memory trigram 
of the immediately preceding trial (30.9 ie 
for visual Presentation, 20.2% for auditory 
Presentation), while only 16.9% of the 
intrusions on Release Trials 5 and 9 wer 
from the Preceding trial (17.5% for visu2'? 
16.5% for auditory). The reliability S 
this change in the source of intrusions d 
tested by comparing the frequencies, withi 
control and release conditions (Trials 9 er 
9), of Ss giving at least one intrusion 3 
the previous trial (Trial 4 or 8). The pl 
Squares reported below are based on t?“ 
more consery per 
the “failure 
from the p 


ative form of these tests W n 
to give at least one -— 9 
Tevious trial" column of itin 
2 X 2 table included only those Ss“ 
made at least One error on the control d 
release trial. When control and e 
trials used visual Presentation, the -— 
ship between Condition and source M 


trusion was significant, e» C = a 
b < .001. However d 


not significant 


X (1) = 834. 


922 


a was 
s this relationshil 


1 tions 
with auditory ame? wa 
This lack of significan€ 


NS 


eff, 


rel 
Visual 


W 


PERCENT CORRECT 


number. 


argel 

y due 

ect o ue to the large negative release 
n Trial 5. À lá ` 


EXPERIMENT l 


Experi 
oe ue t $ found a strong, consistent 
à aed m going from auditory to 
owing a y letters. However the effect 
emory i shift from visual to auditory 
he FH iain was inconsistent. While 
as Brobabl release effect found on Trial 5 
ably a chance occurrence, it may 


ref] 
ect 
some ae ae 
underlying difficulties which 


Make th 


e proce 1 i 
procedure inappropriate for the 


Ass, 
- o Sessn 
it ent o [ T 
of the release effect. Therefore 


See 
ship ed nece 
i ecessary to demonstrate that 


tin 
Son ant visual to auditory memory 
uscdttive (Herde result in release from 
l d as the m erence when shadowing is 
oi herefore tervening task. Experiment 
2 Wate lichen ar’ an attempt to 
i, Xperiment ee effect found on Trial 9 
when shifting from visual 


audit 
o 
ry memory letters. 


Methog 
he s. 
Vol 38 w 
ur Vere 29 m; 
tee 29 male and 51 female undergraduate 
Davis, in- 


tr : 
e ers fir is 
S due om T | ] 
regie Cory psy University of California, 
Tor their chology classes who received class 
participation. The 5s were assigned 
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3 OF PROACTIVE INTERFERENCE AND MODALITY SHIFT 


TRIALS 


Fic. 2. Pere 
d neh I ercentage of correct letters recalled i 
ory trigrant presentation modality, type 
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o AUDITORY, LETTERS 
» AUDITORY, NUMBERS 
o VISUAL, LETTERS 


a function 


zxperiment I as 
and trial 


of shadow list, 


to one of two conditions on the basis of their order 
In both the conditions, Trials 1, 2, and 
letters and number shadow- 
both of the conditions had 
conditions differed only in 
emory letters on Trials 
auditory pre- 


of arrival. 
9 had auditory memory 
ing, while s 3-8 in 
letter shadowing. The 
the method of presenting m! 
3-8, with the control condition using 
sentation and the release condition using visual 


presentation. To provide an accurate measure of 
the degree of release recovery, half of the Ss in each 
condition received as their Trials 1 and 9 the same 
recordings that the other Ss received, but in re- 


versed order (i.e. as Trials 9 and 1). In all other 
respects, apparatus, and procedure 


were the same 
"The first two trial: 


list and the same prese 
rial 9) so t 


periment L 

used the same type 
ntation modality 
hat 5 would 


of shadow 
as used in 
be well 
audi- 


the last trial (Ti 
familiar with thet (number shadowing and 
Trial 9 was used as the release trial 
active inter- 


1 of pros 
Number shadowing 
ng apparently 

or 


tory memory). 
to ensure T mum dissipatior 
ference from 7 rials 1 and 2. 
was used on Trial 9 since letter 5 
causes a great dea 
auditory memory letters in 
number of rehearsals poss! 
additional source of difficulty 
amount of release possible. Letter s! 
used on Trials 3-8 to provide greater pr 
Ss recoding mory stimuli into su 
memory codes. 


may 
hadowing was 
otection from 
bvocal 


the visual me 


iscussion 


Results and D 
The results are prese 
As on Trial 9 in Experim 


nted in Figure 2. 
ent I, there was 
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ignificant release effect, t (78) = m 
n d 01. 'The magnitude of this effec 
4 cie slightly if difference scores 
Trial 1 correct — Trials 9 eeu 
i r S. bU = 2.928, 
e pou rene recovery, how- 
de ds p». smaller in Experiment It 
(4.3%) than in Trial 9 of Experiment I 
im eons 100%). This difference 
sta S the degree of recovery found in 
‘eee ee I and II is probably due 
to g^ counterbalancing pee used 
in Experiment II and the lack of it in 
iment I. . 
qoem effect was also evident in Les 
'Trial 9 intrusion data with 23.8% of the 
intrusions in the control condition coming 
from the three letters used as memory 
letters on the previous trial. Of those Ss 
giving at least one intrusion, more Ss in 
the control condition gave intrusions from 
the previous trial than did Ss in the release 
condition, X? (1) = 4.442, p < .05. 


GE 


ERAL Discussion 


The results from the two reported experi- 
ments support Wickens' (1970) contention 
that a switch in S's metho 


d of encoding the 
memory stimulus results in a release of pro. 


active interference, nt experiments 


The prese 
affected this encodin ing the presen- 


g by chang 


logous to the modality of presentation. 
experiments which failed to find 
following changes in presentation 
may have been using procedures | 
to ensure such encoding (e.g., 
vivid visual stimulus or using a distractor 
task that places a heavy burden on processes 
involved with visual imagery). That the ob- 
served change in percentage correct is due to 
a release phenom 


enon, rather than a startle 
or isolation effect (e.g., Gumenik 


1970), is supported by the dram 
the source of intrusions, 
The present experime 
distractor task from 
number shadowing 
apparent 
change (se 
a releas 


a release 
modality 
ess likely 
using a less 


& Rossman, 
atic change in 


nts also changed the 
letter shadowing to 
and vice versa With no 
release effect resulting. from this 

l'rial 6, Figure 1). This lack of 
ect following a change in di actor 
task is additional (although perhaps weak) 
evidence that the release effect. cannot be 
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- 1 since 
a change in distractor task shou 2 rM. 
least some novelty and MR ques ected ifa 
A release effect would also be hats ted Ss 
change in the distractor task a stimulus: 
method of encoding the menm differ- 
Thus, while these two distractor bo ding the 
entially affect the efficiency of She do not 
memory stimulus, they apparently ling: 
differentially affect the method of encoll Qu. 
It is interesting to note that papse same 
ference builds up approximately phe d were 
extent with both distractor tasks. (I o of the 
not true, then the Trial 9 angepees nave 
control group in Experiment II iin ) This 
been nearly as good as on Trials 1 and ti prob- 
is somewhat surprising given that endi 
ability of correct recall of auditory donne 
letters is much higher with number sha letter 
than with letter shadowing. Thus, whi conrei 
shadowing reduces the probability of A „active 
response, it still allows the buildup of pre woul d 
interference. One explanation of this WE 
be that Ss confuse their subvocal oret 
the auditory memory letters with gem 
letters (Kroll, 1972; Kroll & Me UR 
1972), thereby often remembering t mem- 
correct letters, and that these ip sos sit 
ories produce as much proactive inter n o 
as do correct ones. 
the intrusions ma dre 
Trial 9 of Experiment TI supports this eX} 
tion: 81.29% of those intrusions that 
Tri 
by Ss, 
Were not Trial 8 me 
given as intrusions on 
figures for the re 


14.5%.) 


The following 


tnatio 

A closer E o 
^ zrou 

de by the control g lana- 

were 


mory letters hae 
Trial 8. (Compan ad 
lease group were 75.0% 


sed fof 
model, then, is proposed ey 
explaining how Ss remember and why ments 
forget the memory letters in exper (nen 
using Shadowing as th 
the memory letters a 
tend to enc 
1972) and 
im 


ale 


An in- 
terial 
onse 


| & Kellicutt, 1972). 


UNE ; ma 
Crease in difficulty level of the shadow ! 


reduces the 
(Parkinson 
ducing the number of rehearsals 
OWever, increasing either name 
e 

material doc 
Correct res 
al., 1971; 


shadow 
similarity J tween memory letters and eh ; 
'5 not affect the pub " 
Ponse (Kroll, 1972; Par it shoul 
Salzberg et al., 1971), as ! 


RELEASE OF PROACTIVE INTERFERENCE AND MODALITY SHIFT 


nee the: great qualitative difference 
auditory er visual memory code and the 
owever qf Vogal nature of the shadow task. 
memory f Ed present experiments suggest that 
by fet eda isual memory letters is reduced 
memory ds interference from earlier visual 

y trials. 
confusing hi 
tri | ü 


This may be caused by S's 
al with hic ee code for the current 
T pln : mots code for an earlier trial. 
ecn ; S one of the major functions 
is erena ES type of task is probably 
earlier us S t ne present memory code from 
Disce Ory codes, perhaps by adding a 

When sag 
Elite A, memory letters are presented 
or Bübvocally. n to encode them auditorily 
the dne As shown in these experiments, 
Proactive int be doa codes are subject to 
trials, ith terference from earlier auditory 
Codes m the same manner as are visual 
Carlier visual to Proactive interference from 
auditory eod ‘tials. ] However, since the 
80ing shado oe Bre similar in form to the on- 
e icient i task, auditory rehearsals are less 
x an are visual rehearsals (Kroll & 
1972), since they are more likely 
with the similar material 
cessed (Kroll, 1972; Parkinson et 
» Salzberg et al., 1971). 


of 


Nellicute, 
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REDUNDANCY AND DIMENSIONAL LOAD IN 
STIMULUS IDENTIFICATION ! 


ROBERT M. LEVY ? 


Indiana State University 


The identification of nine stimuli v. 
amined in six conditions: tw 
nonredundant. The 36 Ss, 6 


tribution in psychological space. 


Lockhead (1970) suggested that the iden- 
tifiability of a stimulus isa function of the 
distribution in psychological Space of the 
set of stimuli from which it is selected. 
The greater the distances among these 
stimuli in psychological space the greater 
the identifiability of the stimuli within the 
set. In testing his model, Lockhead con- 
cerned himself primarily with totally re- 
dundant multidimensional stimuli. 

With values A;, A,, As, Ai and B,, Bs, 
Bz, Bi on the two dimensions A and B, we 
can form a number of redundant sets by 
pairing one value on À with one and only 
one value on B, Typically, experimenters 
have used totally redundant sets that were 
linearly correlated, eg, AiBi, ABs, ABa, 
ABe A different combination, which still 


satisfies the technical requirements of re- 
dundancy, is: ABs, 


A:B;, A:B;, AjB;. 
Lockhead (1970) has referred to the second 
as a “sawtooth” combination. The two 
sets of redundant stimuli are represented 
respectively by Xs and As in Figure 1; the 
distribution over the bidimensional dis- 
crimination Space is greater for the saw- 
tooth set than for the linearly correlated 
set. As he predicted, Lockhead found in- 
AA 
1 This research was Supported in part by National 
Science Foundation Grant GB-27668. The efforts 
of Nikki Tannenbaum and Barbara Weinbaum 
during data collection are greatly appreciated, as 
is Gregory Lockhead's critical reading of the 
manuscript. 
Requests for reprints should be se 
M. Levy, Department of 
University, Terre Haute, 


nt to Robert 
Psychology, Indiana State 
Indiana, 47809, 


arying in area and/or brightness ig i 
o unidimensional, two totally redundant, and tw 


per condition, were run in cach of five sessions. 
The identifiability of the stimuli was inde 


redundant or nonredundant), and it was su 
duction in dimensional load from the unid r 
nonredundant stimuli may depend on the intrad 
stimulus values. The results were gener: 
pothesis that the identifiability of a set 


pendent of redundancy (totally 
ggested that the effects of the re- 
imensional and redundant to the 


imensional separation of 
ally consistent with Lockhead’s hy- 
of stimuli is a function of their dis- 


ne the 
creased transmitted information with tl 
sawtooth combination. i 
Levy and Haggbloom (1971), exied 
Lockhead's (1970) argument, predicte ‘ona 
the most identifiable set of HARUM 
stimuli within the psychological space "Since 
be that designated by Os in Figure 1. s i 
these stimuli are nonredundant, it x the 
Possible for the observer to predic the 
value on the A dimension, knowing an 
value on the B dimension. Levy dant 
Haggbloom found that the nonredun ting 
Set was the most identifiable, suppor 
-ockhead's model. -ed out 
Levy and Haggbloom (1971) pointes am 
however, that between the redundan eri- 
nonredundant conditions in their eXP ts 
ment the intradimensional spacing $ con- 
criminability of stimulus values was j.e 
founded with the dimensional load, ! 


n. 
:mensio 

the number of values on each i iden- 
Either factor could lead to increase 
tifiability, Sp 


ecifically, whereas meer 
one step between successive values "litions: 
dimension in the redundant dini 
there were three steps (A, — A1) Be nsion 
component values used on each dune an 
in the nonredundant condition. Lev differ" 
Haggbloom also suggested that the on the 
ence in the dimensional loads betwee 


oye 5 

ion 

ndit i 

redundant and nonredundant conc! d 
could have been 


. eir 
responsible for we 
ing. Assume that the size of the 


was 


ulus 


an 
1 > redund: - 
Set is fixed at ņ, In any totally a each 
Condition (R) the number of values ma 
dimension A Í 


and B is na = np = 
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DIMENSION A 
A A3 


7 Ao Ag 


m 


as, 


Fic 
3 ji T NA A 

dundant ralis of linearly correlated re- 
redundant’ (Oy poses redundant (As), and non- 
chological acs stimulus sets in hypothetical psy- 


For ex. ] 
üre oe oe if nr is nine, then va and zm 
is formed i2 A nonredundant (? R) set 
of Values om the orthogonal combination 
The E on two (or more) dimensions. 
determi of the nonredundant set, “Nr, 
Needed hes the number of values that are 
Phen i on each dimension, ma and m. 
that Magy and ny can be any integers such 
y "t ny = NNR (The case of na or 
sional ci IS one is equivalent to unidimen- 
c jen ipee e For example, if zxn is 
hese sn ny can only be 3; if xm !$ 
6,3 ee a number of sets of factors, 
fan's tin 4X3, and 6 X 2 . 
hension; on capacity to identily uni- 
€ identific stimuli (Miller, 1956) bears on 
t then Van of multidimensional stim- 
es 5 dimensional load should be- 
ely four aportant consideration. With 
Ult to stimuli in a condition, it is difhi- 
“meng evaluate the contribution of the 
iy o Sional load since that number is still 
aup limited capacity. The dimen- 
k i question is more apparent with 
©nditions ensional stimuli. In redundant 
: com, there would be nine values on 
le, bap DEDE dimensiói which exceeds 
; e S of stimuli along a single ppt 
op redun la can identify; however. an Eus 
nly dant conditions there would. be 
ach dimension. 


Aree w 
Ce values from e 
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Nye (1962) and Pollack and Ficks (1954), 
keeping the number of nonredundant stim- 
uli approximately the same, found in- 
creased identifiability when the number of 
dimensions was increased and the dimen- 
sional load reduced. 

The purpose of the present experiment 
was to examine the factors of redundancy, 
defined to include both total redundancy 
and nonredundancy, and dimensional load 
in stimulus identification. 


METHOD 

Subjects 
Thirty-six students in introductory psychology at 
Indiana State University participated in the i 
ment for extra course credit. Each S parti 
in five 1-2 hr. experimental sessions on different 
Ss were assigned randomly to each of six 


days. Six 
conditions. 


Experimental Conditions and Apparatus 


patches of Munsell paper 


Stimuli were square 
The composition 


varying in area and/or brightne: 
of the nine stimuli within each of the six experi- 
mental conditions is given in Table 1. The nine 
(Ay Ay s+ Ag) were 1.00, 1:15; 
2.66, and 3.06 cm.? and 
. . By) were 


and 8/ on the 


values of area 
1.32, 1.52, 1.75, 2.01; 2.31, 


the nine values of brightne 
5 ,.5,5/, 6/, 6 


Mun c 
Unidimens: 
conditions were 


Two unidimensional 
, and brightness, 
as the 


ional conditions. 
included: area, A, 
B. The value of the nonvarying dimension W 


middle one of its set. 
Redundant conditions. 
redundant linearly correlated 
sawtooth (RS) conditions were 
condition represented the minim 
the hypothetical psychological space 


Following Lockhead (1970), 
(RC) and redundant 
selected. The RC 
nal distribution in 
for a totally 


TABLE 1 
POSITION AND ASSIGNM 
;s TO STIMULI WITHIN 


StimuLtus CoM! 


RESPO 
cH CONDITION 
Ss 
Stimulus conditions 
Responses = 
NR1I| NR4 
Bii 


BUN 
poo 


BAS 

B5Às 

A | Boi 

BsAs | BsAs 
Bis | 


m 
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a 


30 
E 
ca 
z 
= zot 
œ 
c 
E 
a A 
10r eB 
O—O Ni 
B— mH WR 
"PE 34 5 


Fic. 2. Amount of i 


nformation tra: 
reaction time (right p. 


anel) as functi 


redundant condition, Whereas the RS condition 
represented the maximal distribution possible while 
maintaining the redundancy, 

Nonredundant conditions, Within the set of stimu- 
lus values selected in the uni 
the two nonredundant sets, NR 1 and 
sented the two extremes in terms of distri 
psychological space. The V 
single-step intraset s 
mensional 
set had four ste 
each dimension, 
number of values 
load was three 


The NR 4 
stimulus values on 
For both nonredundant sets, the 
on each dimension or dimensional 
compared to the nine values in the 
unidimensional and redundant conditions, 

Stimuli were center mount 
4X Sin. (10.16 X 12.70 cm. 
Scientific Prototype (Model 
tachistoscope and s 
age angle of 1? 127. Illumination of th 
and pre- and postex; 
jectively and set at 
of the stimulus, 
was used to mea: 
Hunter noise relay 
lus field and clock. 

Responses were 
with the consonant n prefixed, j, 
BORE, BIVE, BIX, BEV, BATE, BINE, 
of responses to stimuli for each c 
given in Table 1, 


agboard 
tion in a 


the numbers ox 


+ BUN, BOO, BEE, 
The assignment 
ondition is also 


nsmitted (left p: 
ons of experimen 
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500F 
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SESSIONS 


anel) and median choice 
tal condition and session. 


Procedure 


] 

e Levy 
dure was essentially the sume oig p 
loom (1971) used. At the beg om he 
f hown the E eR for his 
ly. The nine stimul! 


a 
istoscope © a 
n outside the tachistosc! times 


ntifY 


inside th 
them, 


ç starte 
mulus field and the Soe z 
S verbal response activated stimu 
hich switche Si e clock: 
he poste: onse 


he onset of S' 
relay wh 
field to t 


Following the tr 
and the 


ickly 

5 quick! 

i ]asd o 

^ respond 4? =, o 

a he beginn Kons 
: instru 

remaining sessions the in: 


RESULTS Anp DisccssioN 


ete 
The amount of information pur He 
in bits, T(S:R) (Attneave, 1959), “each: h 
median CRT were calculated for and at 
for the 99 test trials in each session @ 
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shown - 3 
CAP 9ver o, In Figure 2 as a 
Results ans sessions for each condition. 
priate, for ei below, where appro- 
Bil sessions. e fifth session as well as over 
For T a 
all ae treatment effects, over 
fifth E (5, 30) = 21.3, p < .001, 
Bo F (5, 30) = 17.8, p < .001; 
and Treat S, F (4, 120) = 84.3, p < .001 ; 
(20, 120) S X Sessions interaction, f 
Only the es p < .005, were significant. 
EET uo ee P C TROU e AER 
arge differen. significant for CRT. The 
CRTs for dee shown among the mean 
Significant Er rere conditions were not 
and an an: i Both a nonparametric analysis 
Session 5 ysis of variance of the fifth- 
Ment ais showed no significant treat- 
arge "i. Chis result was due to the 
s median [s variability among the 
tion for iba RTs. (A possible explana- 
Separate : variability is presented in a 
The CRT mi "Subject variability.") 
| (S:R) «x iniri suggest that gains in 
accuracy E not simply the result of speed- 
identifica rris offs. The more accurately 
entified a were also the more quickly 
Performance ince the relationships among 
ons were s the various treatment con- 
essentially the same on the 
M ori the results are dis- 
ation. y in terms of transmitted 
Nidimpn e: 
en piss cmi The Ss trans- 
( re information with the area 
* i pA A sessions — 2.01 and fifth 
A stimuli bits) than with the bright- 
p | Sessio i (over all sessions = 1.73 and 
ji , 30) = iwi bits), over all sessions— 
Es 30) s T < 405. and fifth session— 
ta ber of se ı P< .025. The larger 
" ions for the, noticeable difference sepa- 
heir ; he area stimuli probably led to 


sir 

b,  Mcreased j Unus. 
ased identifiability, as measure 

Since the 


D 


Morn 


mi 


ac for à i 
Curae area was not gained in 
he sca UN off. 
in . 
1 i i s 
ang edid; conditions. Performance 1n 
Y fifth ition (over all sessions = ^ 
session = 2.68 bits) was better 
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than in the RC condition (over all sessions 
= 2.16 and fifth session = 2.38); over all 
sessions— I? (1, 30) = 3.2, fifth session— 
F (1, 30 = 4.2, p < .05. Performance 
was also better in both the RS and RC 
conditions than in either unidimensional 
condition. Compared with the unidimen- 
sional A condition, approximately .14 bits 
(over all sessions) and .20 bits (fifth session) 
more were transmitted in the RC condi- 
tion, and .38 bits (over all sessions) and .50 
bits (fifth session) more in the RS condition. 

The consistent gains in identifiability for 
the RC and RS conditions were not due 
simply to speed-accuracy trade offs since 
there were decreases in. CRT associated 
with the increases in T(S:R). Practice 
was a crucial determinant of the relative 
identifiability of the RS stimuli. Compared 
with the RC condition, the CRTs for the RS 
condition were originally 300 msec. longer 
than those for the RC condition, becoming 
msec. shorter on the 
f s RC vs. RS X Sessions 
interaction, F (4, 120) = 3.5, p < .025. 
The difficulty in identifying the RS stimuli 
in early sessions may have been due to the 
lack of a compatible relationship between 


the stimulus values on both dimensions an 


the responses. 
Biederman and Checkosky (1970) sug- 


gested that redundancy gains, on CRT at 
least, are a function of the degree of overlap 
of the CRT distributions obtained for the 
identification of the component unidimen- 
sional stimuli. When values are combined 
on two dimensions in which the identifia- 
bility is different, the redundant stimuli 
should not be identified much more quickly 
than the more identifiable unidimensional 
stimuli if there is some overlap of the two 
CRT distributions, and no more quickly 
if there is no overlap. The use of an inde- 
t group design precludes making 
f the comparisons of performance 
on the unidimensional and redundant con- 
ditions necessary to test Biederman an 

Checkosky's notions. However, the A 
sed in the present experiment were 


ore identifiable than the B stimuli. 
RS stimuli seemed to have 
ckly than either 


approximately 175 
fifth session; for the 


penden 
some O 


stimuli u 
clearly m 
The RC and 
been identified more qu 
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set of unidimensional stimuli ips es 
information was transmitted fa Ein 21 
dundant conditions than in the ; E 
tion. Therefore, although the ee 
values on two dimensions differed n iden- 
tifiability, the values still combined to form 
perceptually more distinctive stimuli. 

A factor that may determine the form 
and type of the dimensionality effects on 
identifiability is the number of stimuli. 
With two stimuli, as Biederman and 
Checkosky (1970) used, only correlated re- 
dundancy is possible. Moreover, their uni- 
dimensional stimuli, although matched on 
discriminability, were also highly identi- 
fiable. For example, their size stimuli in- 
creased in area by a factor of 1.7 in one 
condition and 2.6 in the other. In a two- 
alternative bidimensional Stimulus condi- 
tion, in which relatively easily discriminable 
values of size are combined with less dis- 
criminable values of brightness, it would 
Seem reasonable to predict th 
respond to the more discriminable, already 
highly identifiable, stimulus dimension, in 
which case there would be no redund 
gain, or at least no dimension 
However, in his 
stimuli 


at Ss would 


information 
limited ca- 
ary along a 
ight use information 
the compo- 
atly in identifiability, 
and Haggbloom's (1971) 
à significant difference in 
identifiability between their RC and RS 
conditions may have been due to their use 


of only four stimuli in each condition. 
Nonredundant 


nent stimuli differ gre 
In this light, Levy 
failure to find 


conditions. The NR 4 
stimuli were identified much more accu- 
rately than the NR 


1 stimuli, over all 
sessions— F (1, 30) — 76.1, b « .001; fifth 
Session—7 (1, 30) = 42.9, b < .001, and 
also more quickly, over all Sessions— ^ 
(1, 30) = 6.9, p < 9s. fifth session — y 
(1, 30) = 


6.5, p < .025. The NR 4 set 
was the most identifiable of 


all, as Lock- 
head's (1970) model predicts. The NR 1 
stimuli were initially the least identifiable, 
but by the fifth session Sı 


s identified them 
at a level intermediate to the two unidi- 


ROBERT M. LEVY 


c CRT data 
mensional conditions. ; di ihe ae : M. 
are dropped for one SS in d S inthe 
deviated greatly from all other 4v a 200- 
condition, there is apprenne icon 
msec. decrease in the mean CR 
for the NR 1 condition.) ance in the 
The expected level of ped 
NR 1 condition, based on the aie “obvious 
space model, is not as intuitive Y ockftea 
as it is for the other conditions. I jenitified 
(1970) states, “the set of stimuli i ich the 
more accurately is that one for w y "s 
sum of the absolute distances — aa 
stimulus and its immediate neighbors dis- 
maximum and the variance af these sal 
tances is a minimum [p. 3J.” aimee bee 
stimuli constitute “immediate neig i lent; 
and which do not is not et 
all interstimulus distances are "m 
in a crude approximation of the dis ation 
tion of the stimuli in the ape E. 
Space, assuming that the space is Euc edis 3 
the dimensions A and B are p 
and the adjacent stimulus values "Then 
sent equal psychological intervals. 1)/2 
among the k stimuli the &(k pute 
distances, di, are readily comp from 
du = V(A;— A3: + (B, — BF, ioe 
them the mean distance between eu dis- 
D, and the standard deviation of the: 
tances, od, Making these assumption sen 
the A and B conditions in the B Da 
study the values of D Baa 


are: Dp = 2 
613, Dno = 4.71, Dns = 5.04, Dx 
1.64, Dx, = 6.54; and the values RI 
are: cB = cA = 1.97, o RG = 2.79, 


The 


at the 
pt the model predicts tn iia’ 
duli should be much less ide! The 
ble than the unidimensional atia than 
Astimuli were clearly more identifiab nt o 
the B stimuli; therefore, the m is 
the same Psychological scales for = Let 
mensions would seem inappropriate. nge 
ting the A scale be four times the rans 
the B Scale, the values of D are: Das | 
B05. Dy = 15.8, Dro = 13.74, 3, and 
14.03, Duri = 4.43, Dyna = 17131 98, 
the values Ofcare: oB = 1.97, 0^ E 2.4 
ORC = 813, oRS = 7.63, oN 1 tes OF 
oNR4 = 9.67, The revised estin 
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D mer 
Biter, we d the results in the observed 
Prepona 1 y, the intervals on D do not 
ome xig. b» intervals on T(S:R). 
cluded, for oon weighting could be in- 
hypothetic; Peau the variability of the 
identifiabilit interstimulus distances. The 
joint Pisin of a set of stimuli could be a 
ea yet unspecified, of the 
as well pa i z üm interstimulus distance 
(1970) forn le. uu ie per se. Lockhead's 
except fact ends is essentially the same, 
ebween Es i measures only the distance 
cei mediate neighbors. 
cant PE That there was signifi- 
Sessions on srs in performance over 
expected, vm dependent measures was 
nent of the Tuch was a significant compo- 
tion for Tei e x Sessions interac- 
C ive. RS s namely, Sessions X AB; 
P < 001 9 NR 1, NR 4, F (4, 120) = (8:3 
transmitted Phe amount of information 
Eun i Mares NR 1, and NR 4 
Slowly thg approached an asymptote more 
aaa AU IE did ia tue B, and RC 
he differenc The finding probably reflects 
Patibility E in the S-R relations or com- 
tions, t 'etween the two sets of condi- 
Of the "n A, B, and RC the learned order 
Ordering ponses corresponded to the natural 
N 1 8 of the stimuli whereas for the RS, 
Possible "d NR 4 conditions this was not 
act alitis t is noteworthy that Ss did d 
iie pde the particular form of S-R 
“nditions is introduced. for the latter 
identifial lc The NR 4 stimuli were most 
the stole from the outset. Given that 
n bopadienes Pe incompatability was 
may Sel de in the first session, then it 
9f the | be that the increased separation 
Mensons a us values on component di- 
Subje S was facilitative. 
large ro variability. Given the relatively 
or ean erences among the mean CRTs 
ising to find 
The reason 


Were not significant. 
bility. In- 


Spec, V2 the large error varia 


ectio Nb. 
for each of the individual S's median CRTs 
! session indicated that they were 


ar amounts 
example, 
dition the 
bits with 


i Si i or long" for simil 
P the af litted information. For 
“ange of th session for the RC con 

T(S:R) was 2.167-2.601 
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CR E of .786, .837, .942, 1.016, 1.288, and 
1.637 sec. Although the variability in 
T(S:R) and CRT may reflect to some 
degree speed-accuracy trade offs, some 
other process also seemed to be operating. 

The reaction of different Ss to the in- 
struction “respond as quickly and accu- 
rately as possible" may account for the 
long CRTs. With the exception of the 
NR 4 condition it was almost impossible 
for Ss to be 100% correct, i.e., there was 
always an element of uncertainty in their 
decision. lt appears that some were reti- 
cent to make a decision when they might 
be wrong. Therefore, they took more time 
to make their decision although they gained 
nothing in terms of increased information 
transmission. The distribution of CRTs 
in the NR 4 condition support this inter- 
pretation; the range of transmitted infor- 
mation was 2.833-3.169 (100% correct) 
bits and the range of CRTs was .726-.955 
sec. ln other words, where the identity 
of the stimulus was certain, Ss were con- 
sistent in their performance. 


CONCLUSION 


The roles of redundancy and dimensional 
load in stimulus identification were ex- 
amined. Defining redundancy to include 
conditions in which the stimulus values on 
component dimensions are nonredundant 
as well as totally redundant, the results of 
the present experiment suggest that redun- 
dancy per se is not an important variable 
imulus identification. Lockhead (1970) 


inst 

showed this with two totally redundant 

conditions, redundant linearly correlated 
and Hagg- 


ndant sawtooth; Levy 
971) extended Lockhead's finding 
to include a nonredundant condition; and 
in the present experiment, results with two 
unidimensional, two totally redundant, and 
two nonredundant conditions support this 
conclusion. 

When the number of 
conditions is held constant, 3 
duced dimensional load, ie number o 
stimulus values on à dimension, in nonre- 
dundant compared with unidimensional and 


totally redundant conditions. How the re- 
duced d load affects stimulus 


and redu 
bloom (1 


stimuli in different 
there is a re- 


imensiona 
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identification is not clear. For given ranges 
of stimulus values on component dimen- 
sions, the most identifiable stimulus set is 
the nonredundant one formed by combin- 
ing the values maximally distributed over 
the range on each dimension, e.g., the NR 4 
condition in the present experiment. Since 
in this type of condition, the reduction in 
dimensional load allows the selection of 
stimulus values on component dimensions 
that are further apart, the effects of di- 
mensional load and intradimensional sepa- 
ration are confounded. The importance of 
the intradimensional separation was shown 
by the superior identifiability of the NR 4 
compared with the NR 1 condition in which 
the intradimensional separation w. 
same as in the other conditions, 

To determine the extent to which the 
particular combination of dimensions, for 
example, whether or not it is 
(Garner & Felfoldy, 1970; Lock 
affects how stimuli 
quire research with 
combinations. For the dimensions of 
and brightness used in the 
ment, Lockhead's (1970) + 
offer the basis for 
tion which indic 
dimensionality 


as the 


integral 
head, 1966), 
are identified will re- 
different dimensional 
area 
present experi- 
nodel seems to 
à parsimonious explana- 
ates a primary role for 
per se and the distribution 
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ee o nl 

of stimuli in a psychological space and e. 
a secondary role for the presence or € 
sence of redundancy in multidimensioné 

stimulus identification. 
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ARNE Ó S? PAR-AKE BJO 
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University of Uppsala, Uppsala, Sweden 


Stimuli givi ‘plicit i i c7, 

giving explicit information about probabilities of 067 25%, 50 
ne s 101 43,0) 9Y; 

a strong or a weak shock were presented for 32 S: 


and 1006 of receiving 


conditioning paradi : š 
sis as paradigm with an 8-sec. interstimulus interval 
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S responses showed monotonically increasing trend 
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dient with increased probability of electric 


shock both for the largest response and for 
frequency of skin conductance responses 
(SCRs) during 20-sec. anticipation in a 
modified, continuous count-up procedure. 

Epstein and Roupenian (1970) presented 
three groups of Ss with probabilities of 5%, 
50%, and 95% of receiving shock at the 
end of a discrete auditory count up. They 
found higher skin conductance level (SCL) 
and larger SCRs during anticipation in the 
5% than in the 50% and 95% conditions. 


Interpreting these results in terms of an 
assumed à 


inverted- U. relationship, they 

discrepancy between objective and sub- 
jective probability, leading to maximal 
subjective uncertainty in the 5% condition. 
However, lacking definite independent in- 
formation regarding subjective shock prob- 
abilities, this interpretation remains of 


limited value. 
From these studies it may be concluded 


that the data do not unequivocally support 
either of the theoretical conceptions, at- 
though they seem to be more in line with 
Grings’ (1969) than with Epstein's (1972) 


notion. 
The aim of the present study was to 
analysis a bit further by €x- 
Y licit information 


effect of exp 2 
> in a long inter- 


pursue this 
ploring the 
about shock probability g int 
stimulus interval (ISI) GF conditionne 
aradigm, ermitti e observation [9 
E + Enna to the CS-UCS com- 
plex (Lockhart, 1966). Such multiple re- 
sponses have previously been demonstrated 


"Pm 
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i , ical processes 
to reflect different psy chologica f: 
(Ohman, 1971a, 1971b, 1972). "Thus, the 
effect of five CSs signaling different proba- 
bilities of two levels of UCS intensity was 
studied. 


METHOD 


Subjects. Thirty-two undergraduate 
students at the University of Uppsala, 1 
17 male, were paid to participate in the experiment. 

Apparatus. Palmar skin resistance Was recorded 
on a Servogor 1-channel inkwriter (Type RE 511, 
Goerz) through a de constant-current bridge circuit 
applying a current magnitude of 11 ua. Beckman 
silver/silver chloride electrodes, 8 mm. in diameter, 
embraced in a plastic cup, were used. The elec- 
trodes were attached to the first phalanx of the first 
and second fingers of the nondominant hand by 
adhesive electrode collars. Beckman-Offner elec- 
trode paste was used as contact medium. Electric 
shocks (UCS) were delivered through silver elec- 
trodes attached to the volar surface of the first and 
second fingers of the domina nt hand. The shocks 
were produced by a stabilized de current that 
charged a capacitor and whose voltage could be 
manipulated by E. Upon closing a contact the 
capacitor discharged over a transformer, giving a 
maximal output of 660 v. at a resistance of 10 kg, 
The duration of the Shock was .05 s 
sharp, pin-pricking sensation. 
mm.) were used to project the 
screen, 2 m. in front of the S, 
produced by a Sawyer Projector, 
controlled by an electronic timer, and the intertrial 
interval by a Tandberg tape recorder activating 
relay detectors, The apparatus was connected to 
the power line through a voltage stabilizer, 

The CSs as Projected on the screen were 45 X 80 
cm. with text of 3.5 cm. ht in the center, indi- 
cating the probability for and the intensity of the 
Potential UCS (eg. “25% STRONG”) 
stimulus intensity was about 45 Ix, (backgr 
65 Ix. (text). 

Design. A 2 
measureme: 


psychology 
15 female and 


ec., inducing a 
Dia-slides Q4 x 35 
CSs on a milk-glass 
The stimuli were 
the duration being 


heig 


: The 
ound) to 


X 5 factorial de. 
nt was used. 


of 
* shocks 


0%, 25%, 5007 5 of shock: 


/&» 9076, 75%, and 10 
Experimental Procedure. Wher 
laboratory, he was seated j 
the skin of the electrode 
distilled water, and the ele 
described above, The pro e 
proper was then expl 
about the probabilitie 
the two shock i 


applied as 
experiment 
© was told 
à shock and about 
It was emphasized that 
the screen were “ 
ures given reflected 
proportion of shocks to be delivered withi 

experiment, 
own estimates of probability, 


true" 
a correct 
n proba- 
To obtain the S's 
he was asked to state 
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" nd- 
a "yes" or "no" hypothesis after cach is Nos. 
ing on whether or not he had Weed shock 
would be delivered, independent of bee be given 
actually was given. The estimation ha ré Tera 
after trials, not to interfere with the res 
pattern to the CS. = 5 with the 
The shock level was set individually, .cived aS 
instruction that the shock was to be ES EOD 
"clearly unpleasant, but not painful. en by the 
shock was set % above the level chosen 
5; the weak shock, 256% below. Se accarentiiades 
Four replications of cach of the 10 CSs "de within 
one in each block of 10 trials. The CS ban »senta- 
locks was randomized, so that 16 different (Bn each 
tion orders were obtained, i.c, two A E within 
order of presentation. The reinforced tria PEE 
probability were randomized independently SB coh 
the blocks for each S. The CS duration w following 
with the UCS, if delivered, immedi: tely M ol 
CS offset. Forty trials at a mean trial inte 
30 sec. + 10 sec. were presented. 
Analysis of data, CS, pre-UC ape 
unconditioned responses were defined in te ins: BY! 
response latency according to the suggestio S 
Lockhart (1966). The CS response was ep. 
sec. after CS onset, the pre-UCS response d the 
sec. after CS onset to 1 sec. after CS offset, m 
Post-UCS and the UCR 1-4 sec. after CS pe 
more than one response occurred during the B was 
interval, the more frequently found conor log 
Scored. The responses were transformed ange 
micro-mho units to obtain data expressed aC re 
in log conductance. The post-UCS and US an 
Sponses were blocked within UCS intensity, or 
Probability Thus, the post-UCS response for " 
STRONG" was based upon two responses; the "2 
WEAK" upon three responses, etc. 


H Z sg ad 
post-UCS, E 


RESULTS 
CS responses, 


CS 
Figure 1 shows the 
response as 


à function of shock probability 
for the four trial blocks. Analysis of V2 o 
ance revealed significant main eiim 
Probability, p (4, 124) = 6.30, p < ‘and 
Intensity, F (31. 17.79, 5 < tame 
pais P ($9) — 405, fixae sie 
Probability X Intensity interaction was$ 


nificant, 7° = 4,20, p < .001, due 
to diver, 


which did n 


s ; l'rials 
[ bility x Intensity x1 I 2) 
teraction was also significant, F (12: 


\ Saure 
2.44, b x< .01. As can be seen in FJ 
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WEAK UCS 


.005. 


0 25 


50 75 100 


UCS. 


ucs PROBABILITY IN PERCENT 


als for the CS response as à 


nse development over tri 
t diagram: weak UCS.) 


Righ 


function of UCS probability. 


(Left diagram: strong 


ECCE 
e effect pertained to a successive 
Ability pls of the strong intensity prob- 
Weak MARE over trials, whereas the 
eir dud gradien ts tended to increase 
Pro. Ut s over trials. 
bre-UCg S responses. Figure 2 shows the 
bility responses as a function of proba- 
Significa trials. All the main effects were 
P. os F (A, 124) = 7.74, p «001; 
- they = 10.51, p < .01; and F (3, 93) 
sity, and m .001, for probability, inten- 
Mteractio tials, respectively. None of the 
Keuls “home was significant. Newman- 
Itiong = showed the 100% and 75% con- 
At nse q differ from the 0% condition, 
2: 05 ana m themselves, nor from the 
For the uri for the strong itin. 
lon differed f; intensity, the 100% con Te 
om the 0% condition. 


Post-UCS responses. 
3, the post-UCS responses 


an inverted-U rel 
The only si 
probability, 
Follow-up tests S 


F (3, 


dition was significantly 


other three conditions, an 
and 50% exceeded the 7596 
Rs showed a U-shaped 


UCR. The UC 


relationship to prob 


in Figure 3. The 
bility, F (3, 93) = 
tensity, F (1, 31) 
significant. 
25% condition to ex 
condi 
The latter 
differ from t 


gnificant effec 


howed t 


Follow-up te 


tions, but not 
treatment, 
he two former tre 


As shown in Figure 
demonstrated 
ation with probability. 
t pertained to 
18.62, p < 001. 
hat the 0% con- 
smaller than the 
d that both 25% 
condition. 


93) = 


ability, as can be seen 
main effects of proba- 
4.07, p< 01, and in- 
6.91, p< .05, were 
sts showed the 
ceed the 50% and 75% 
the 100% condition. 
however, did not 
atments. 
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Subjective probabilities. Table 
the subjective Probabilities for the two 
intensity levels as i j 


probability. 
course, was 


first instance 


tive of shock 
the results. Simil 


when the ana 
of all observa 
were tendenci 


pre- and post-UCS 
none of the differen 


significance as 


significant, p (4, 
001. More i 


of a “no” response 


intensity, Table 


lysis was based on t 
tions. Asc 
es tow. 
responses, 
Ces reached st. 
assessed by ¢ tests, 


Ponse magnitude and 


Pre-UCS RESPONSE 


100 
RCENT 
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124), = 


nteresting, there 


» irrespec- 


2 shows 


an be seen, there 
ard differences for the 


However, 


atistical 


response development over trials for the pre-UCS response 
-eft diagram: Strong UCS, 
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Discussion 


Er. 
After the completion of the present ir 
ment, Grings and Sukoneck (1971) See 
data from a quite similar experimental ae 
tion. The results will, therefore, be discu 
1n relation to their findings. ically 
. Both Studies demonstrated monotone a 
Increasing CS responses with increased pr ems 
bility of Shock. This effect, however, 5e 


tem 
s be Somewhat elusive. In the presen 
Periment, th 


Was mainly 
Condition, Whereas no significant effec 
Observed f, 

thermore, 
action, th 
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Fic. 3. Post-UCS response (left diagram) 
function of UCS probability for the two 


Ther 

r k 

Freem from the two experiments were in 

lus, the sn for the pre-UCS response. 

Or both E. of probability was significant 

x Monotoni the shock intensities, indicating 
Probabilita? rising gradients with increased 
Sul es, as w: ELS 
ukoneck (1971) was reported by Grings and 

"Or the T 

Wever ip dno a. response and the UCR, 

ment ire he osea from the present experi- 

different from those of Grings and 


ho 


toneck 
- In accordance with what could be 
Mray p TABLE 1 
Traer e ORON or “Yrs” HYPOTHESE 
D PRISES) AS A FUNCTION OF OBJECTIVE 
BABILITY AND UCS INTENSITY 
Ucs tient Objective probability 
~ ee — 
* W 0 | 25 | 50 | 75 | 100 
Veal: 
Strong 0.0 | 20.3 | 563 | 914 | 96.1 
i 39 | 281 | 71.1 | 961 | 984 
atid Tiaia 
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and UCR (right diagram) magnitude as a 


UCS intensities. 


the theory outlined by Grings 
and Sukoneck observed an in- 
creasing post-UCS response and a decreasing 
UCR with increased probability ofshock. The 
relationship between these two responses was 
inverted also in the present experiment, but 
the post-UCS response showed an inverted 
U-shaped function, and the UCR a U-shaped 
relationship to probability of shock. 

A number of procedural differences might 
contribute to the discrepant results for the 


expected from 
(1969), Grings 


TABLE 2 


NsE MAGNITUDE AS À FUNCTION 


RESPO.: 
UBJECTIVE EXPECTANCY 


oF S 


Type of response 


Expectancy 
cs Pre-UCS Post-UCS UCR 
“Yes” .023 „014 .029 .046 
"No" .023 .009 .023 OAL 
i 8 2 ] 
n 28 | 28 20 | 2 1 
I s 


|50 


ZR in the two 

aar qp cordc oce epe 
P Pope d. in their study. Since 
inp moles involves maximal uncertainty, 
a ‘ight a critical, and the conelusisns id 
Bu the form of the relationship are com 
Sid lacking the 50% point. Second, and 
Mos more important, their Ss had to 
Eo eid contingencies between different CSs 
E k probabilities through experience. Tt 
E TEBAN possibility that expectancies 
E e ped from actual experience could differ 
E ter effects from expectancies instigated 
Te instructions (Epstein, 19/25 iiri 
1969, p. 115). A third difference iuo M A 
of potential importance pertains to the m es 
Í stating subjective hypotheses about $ Be 4 
Thus the Ss of Grings and Sukoneck made 
their hypothesis explicit before the Bi te 
of the UCS, which introduces a component of 
self-appraisal in the situation (cf. Epstein & 
Bahm, 1971), whereas the Ss in the present 
experiment reported their expectancy 
ception of the UCS. 

The discrepant results of these two ex- 
periments indicate that the effects for the 
post-UCS responses and the U 
dependent on quite narrowly 
mental conditions. 
a conclusion was obtained in 


after re- 


an unpublished 
ed one reinforced 
ation of CSs indi- 
o 75%, and 95% proba- 
bility of Shock, while being led to believe that 
probabilities should match number of shocks 
during a half-hour experimental session, There 


es toward a probability effect for 
the CS and pre-UCS Tesponses, but signifi. 


cantly so only for the latter. The UCR showed 


à nonsignificant U-shaped relationship, while 
the post-UCS Tesponse showed an 


flat function, with only a slight el 
50%. Thus, whereas the resu 
to those of the present experir 
to imply that consonance bet 
and number of shocks is a f 
significant results. The sig 
probability on the pre-UC 
agreement with previous fin 
sure as especially sensitiv. 
fluences (Fuhrer & Baer 
1966; Öhman, 1971b). 


In conclusion, then, the CS and especially 
the pre-UCS response seem to show the 
relationship to shock probability required by 
Grings' (1969) preparatory set theory, 
the post-UCS response and the 


essentially 
evation at 
lts were similar 
ment, they seem 
ween probability 
actor behind the 
nificant effect of 
S response js in 
dings of this mea- 
e to cognitive in. 
, 1969; Lockhart, 


For 


UCR, however, 
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ertain condi- 

this seems to hold only under vendis dis? 
tions. Therefore, anticipatory, Peer De taken 
parity and shock responses € pre piat 
as equivalent indicators of a unitary 
tory set (cf. Ohman, 1972). T ilities stated 

Comparing the subjective proba E ett te 
by the Ss in the present experimen here. sit 
objective ones, it is clear (a) Un ‘k proba- 
a tendency to overestimate the shoc de 
bilities, especially the intermediate crede 
(b) that this tendency wa S more pro ners 
for the strong shock condition. Thus, d qat 
aversive event seemed to induce a P obability 
simistic hypothesis regarding the pro aits 
of experiencing it than a less aversive : xU the 

The latter finding might imply erate 
effect of shock intensity on response ge ier 
was not an effect of intensity per se, lont ir 
mediated by the higher probabilities asc 
to the high-intensity shock. 
and pre- 
intensitie: 


However, she 
: " e 

CS response magnitudes for i iabe 

are plotted against subjectiv e aad 

abilities, the intensity effect becomes son ee ae 

attenuated, but the points still seem : 


; Wan ferent intensity 
tain characteristics of two different in 
functions. 


" ie 
The present study failed to conten Hi 
direct relationship between subjective rted 
pectancy and magnitude of response repre 
by Epstein and Bahm (1971). The prose. jlve 
used by these authors, however, might axes 
à confounding between verbal Tee POE E 
subjective expectancy as elicitors of T 
making their results difficult to interpret. ther 
procedure of the present study, on the p 
hand, might have been quite insensitive iu 
it employed a “forced-choice” retrospec 


ncies 
assessment. Thus, the reported Les ü 
(see Table 2) might suggest the possibili 
obtaining 


re 
4 Nt did vedur 
effects if a more sensitive proc 


of measurement could be devised. 
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The role of response-term organiza 
investigated by requiring Ss to le; 
stimulus terms were grouped into 
responses were either re-paired with 
category, or re-paired with instar 
had the same categories in List 2 
learning was followed by free rec 
gory errors and significant cluste 
gories were found with within-cat 
re-paired with another category 
when stimuli were changed. 71 
organized per se, but that respoi 


arn 


hin 


ring 


This experiment investig: 
of response-term grouping 
ate (PA) learning by 
terms are subcategori 
sponding to similarity 
stimulusterms. The two questions to which 
the research was addressed were: (a) What 
is the nature of the relationship among the 
responses that are grouped together? (b) 
What is the effect of this grouping on sub- 
sequent acquisition performance? 

Response-term grouping has been de- 
scribed as a stage occurring prior to as- 
sociative learning, during which 
to categorize the response 
of possible Correct response 
ing sets of similar stimuli, 
Stage have presum 


ated the process 
in paired-associ- 
Which the response 
Zed into sets corre- 
groupings among the 


S learns 
terms into sets 
S to correspond- 
The Ss at this 
ably learned that the 


response terms, R, Ro, and Rs are ap- 
propriate alternative responses for the set 
of similar stimuli, Si ist 


; and S", but have 


not yet learn associations Within 


this set. 

Support for this 
primarily from 
errors in le. 


ed specific 


grouping stag 
two findings: 
arning paired- 
! This experiment is bi 
mitted to the Universit 
fillment of the require: 


€ has come 
(a) Overt 
associate lists with 
ased on a dissertation sub- 
Y of Alberta in Partial ful- 


ments for the PhD degree, 
The research was conducted under the Supervision 


of W. W. Rozeboom and Was supported in part by 
R rch Grant APA-88 from the National Research 
Council of Canada to W, N. Runqui 
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of Psy iology, 


» Alberta, Canada, 
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conceptual categories. 


nees of different 
; but differe: 
all of the responses. 


egory re-pairing, 
or across categories, 

These results indicate th 
nse grouping is mediated I. 


tion in paired-associate learning was 
two paired-associate lists in which the 
In the second list, 
ifted to a different 
Other groups 
stimuli. List 2 
Increased. within-cate- 
according to stimulus cate- 
but not when responses were 
The result held even 
at responses are not 
by stimulus categories. 


the same category, sh 


categori 
nt instances a 


of responses 


&roupable similar stimuli tend 
dominately 
a similarity 
1968; 


to be pre- 
confusion errors from er 
Set (e.g., Joinson & Runge 
Runquist, 1970; Runquist, 1 Al 
1968; Underwood, Ekstrand, & pec 
1965, Experiment V), and (b) eme 
terms paired with sets of similar up 
tend to be recalled "bar 
recall test following paired-associate lea 
ing (Runquist, 1970). Such findings, wd 
ever, do not necessarily implicate € 
to the exclusion of other processes. frc 
Predominance of confusion errors !! le 
Within sets of Similar items, for p 
could be explained simply on the rer 
generalization gradients, i.e., Lor camel 
Strength being built up via stimulus E 
eralization between a response and a st" is 
lus similar to the one with which it 


5t 
as clusters on à 


nm 


Paired, but not between a response 4" 
a dissimilar Stimulus. If this were re- 
Case, these errors would be more t ier 
flection of Stimulus confusion than © 
sponse Categorization, sters 
The free recall of responses in clus 


] € 
ased on simil 


t arity groupings aper Net 
Stimuli can also be accounted for wit ing 
postulating a Separate response-grouP © 
Stage. [f for example, free recall of the 7: 
Sponses occu 
stimulus ite 


informat ion 


ecifiC 
rred by first recalling apt 
ms and then retrieving pei 
associated with each po ex- 
could simply reflect. (4) ite 
Seneralized error tendencies 


clustering 
istence of 
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f 
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TRANSFER OF ROTATE 
RANSFER OF RESPONSE GROUPINGS IN PA LEARNING 


maining z , 
(b) Sessa of acquisition, or even 
iunc ai en e the stimulus terms 
absence of c e pane of recall. In the 
A en evidence about the 
ings, even di er sepu for these two find- 
ing as a A existence of response group- 
The pre bl in learning is questionable. 
to e geen ur designed in part 
ihe 3$ duas — earing on this issue. 
Sponses into se oarn $8 categorize Me n 
should iniri these response groupings 
Same Msi d to á second list in much the 
tions, i.e id as do specific S-R associa- 
the e T uh should be increased if 
Sponses is (] aa among the grouped re- 
the first list» same in the second list as in 
ship is diffe nud decreased if the relation- 
learned Pe In one experiment, Ss 
ized stimuli categorized PA lists (categor- 
ing to the gee responses), conform- 
and then cont dye transfer paradigm, 
free-recall E p; the response terms ona 
ing, Three : allowing second-list learn- 
used, [nas pee of S-R re-pairing were 
the md » lin-category (WC ) re-pairing, 
a given Ecdesme paired with stimuli from 
Paired vi egory in the first list were re- 
in the oe à stimuli from the same category 
(BC) or i list. In. between-category 
Paired a a these responses were re- 
TSt-Lligt s the stimuli from a different 
8ory (AC) egory. Finally, in across-cate- 
re-Paired Ba am these responses were 
à differe ach with a stimulus item from 
these h first-list category. Each of 
rupt the penring schemes was used to dis- 
Could E arious types of relationships that 
together ist among the responses grouped 
Could in during first-list learning which 
Categor count for the occurrence of within- 
erm eh confusion errors and response- 
Ships w ustering, Three types of relation- 
tiong nda considered : (a) common associa- 
` a res ! specific stimulus items, perhaps 
ult of stimulus generalization ; (b) 
ia oe with a specific ome 
imu;. o egory represented by the similar 
E and (c) direct associations among 
: QNM themselves formed as a result 
wimu Hn associations either Wt 
Vith wee or with stimulus c 
re-pairing, all three types 


h specific 
itegories. 
of 
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a ero ie Lf ye in the second 
increased. With BC ana pu 
first and second types of E lation 

3 p 
among the responses would be disrupted 
leaving only direct interresponse associa- 
tions intact. If either specific stimulus 
items or specific stimulus categories are 
necessary for maintaining response group- 
ings, BC re-pairing should result in de- 
creased grouping. On the other hand, if 
direct interresponse associations exist, in- 
creased grouping should occur. With AC 
re-pairing, decreased grouping is to be ex- 
pected since all three relationships are dif- 
ferent in the second list. 

Although the three re-pairing arrange- 
ments with identical stimuli do allow one 
to distinguish between a direct interre- 
sponse association mechanism and a com- 
mon association mechanism for explaining 
response clustering and within-category 
confusion errors, the three arrangements 
do not separate common associations with 
specific stimulus items from common as- 
sociations with a stimulus category. The 
three re-pairing schemes were repeated 
using different instances of the same cate- 
as stimuli in the second list in order 
ific stimulus items are 
s to be maintained 


gories 

to determine if spec 

necessary for grouping: 

or whether stimulus categories are suffi- 
conditions with 


An additional two 
y new stimulus categories in the 


nd either BC or AC response 
re-pairing were also included. Evidence of 
increased grouping in the first of these con- 
ditions would provide additional support 
for direct interresponse associations. In 
the latter condition, increased grouping 
would represent nonspecific grouping trans- 
fer or a set to group responses on the basis 
of stimulus characteristics. 

The second purpose of the experiment 
was to assess the effect of grouping on ac- 
quisition performance. It has been sug- 
rested (Battig, 1966, 1968; Runquist, 1966, 
1968) that not only does grouping occur, 
but that it is à primary means by which 
rpair interference can be reduced. . Ac- 
to this view, in learning à single 
tricts the interference to 


cient. 
completel 
second list a. 


inte 
cording 
pair grouping res 


-—— M o om 
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: -ithin the same subset. 
E i wir ier = asa result of a 
mes n in the amount of overall inter- 
EN as a result of guessing, if E 
Y onses to some of th 
E. d pone and respond to the 
ome orrectly on the basis of elimination 
pus : & Runquist, 1968; Runquist, 
Do. gegerdless of the mechanism by 
Euch facilitation might occur, Pa is 
rprisingly little evidence that it e 
s ram least when stimulus similarity 
corns the basis for the grouping. me 
cantly better performance with groupa ME 
high-similarity lists has been found ro 
in a transfer task (Runquist, 1968) an 
once in a retention task (Joinson & Run- 
quist, 1968). Support has been largely 
indirect in other studies, coming from the 
finding of no significant difference be- 
tween a high-similarity categorizable list 
and a noncategorizable low-similarity list, 
the former, by virtue of its similarit 
expected to provide considerabl 
ference (e.g, Runquist, 1970; 
1966). 

In the present experiment, it was ex- 
pected that if the categorization of re- 
sponses into sets did facilitate performance, 
second-list learning would proceed more 
rapidly if response groupings in the trans- 
fer task were the same as in the first task 
than if they were new, More specifically, 

conditions which lead toi 


ncreased response 
grouping, as indicated by an increase in 


within-category confusion errors and re- 
sponse clustering, would also be expected 
to produce faster learning relative to other 
re-pairing conditions having the same inter- 
list stimulus similarity. 


y, being 
e inter- 
Runquist, 


METHOD 
Design 


There were eight basic transfer 


experiment. 


€ conditions 
A'-Bwe, A’-Buc, A'— 

The first letter indicates 
the similarity of the stimulus terms in the two lists 
to one another: Stimuli were identical (A), dif- 
ferent instances of the same conceptual categories 
(A), or instances of different 


conceptual categories 
(C). The naining letters indicate three different 
S-R re-pairing schemes of the s: 


ame (B) responses, 
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: iven category of three 
The response paired with a given — Ó RNC 
stimuli in the second list was re-pa every (WO OF 
list with stimuli from the same S SE End 
within-category re-pairing), with beh 
from a different category (BC or pa we tiree dii 
re-pairing), or with three gamoh. e repaicings 
ferent categories (AC or acr ie ied (ACD) that 
In addition, there was = "Mie gr 

arned only the second list. 3 
i Wo me sets of lists used under each 
ditions, there was a total of 18 groups. 


of the con- 


Materials 


12-item 

Two identically constructed sets of d Zach 
i sociate lists were used as eie m rent con- 
ted of three nouns from four di d 12 un- 
ceptual c; ies as stimulus cents Sho nouns 
related adjectives as response terms). t response? 
were selected from the 12 most iepen Battig an 
to category names as determined by the ned to lists 
Montague (1969) norms, and were assig 3 
in such a way that mean taxonomic 
approximately equal for all lists. r AA 
were two- or three-syllable words of ^ Thorndike 
quency of occurrence according to the 
Lorge G count. : - of lists were 

All stimulus terms for a given set p dol eight 
selected from a pool of six nouns from each were $ 
different conceptual categories. The lis appeare 
constructed that the same four categories it being 
in half (eight) of the lis s, with each categ of three 
represented in four lists by one group emaining 
nouns, and in the other four lists by the r ins were 
three nouns. These four basic lists of n nd lists 
used as stimulus terms for first and jt s list 
equally often under all conditions. Eac with the 
stimuli was paired in four different ways ssible t9 
same 12 adjectives. Because it is not pon 
completely counterbalance S-R pairings W 
gorized lists (Zavortink & Keppel, Las ed 
pairing for the second (A-B) list was se Peontain- 
each list of nouns, taking care that in lis egories 28 
ing different instances of the ne caen cial LC 
stimuli, the same three adjectives were irings usce 
with these nouns. The remaining S-R pair the -B 
in the first lists were then generated iror eet 
ists by re-pairing be 


responses within, In con 
across categories, as described earlier. taken to 
Structing the specific pairings, care was 
avoid obvious 


Jus ane 


Pa > stimu 
associations between the st pai 


sponses 
response members and among the respo! 
with stimuli from a given category. 


Subjects 


rain cou 
EY course, serving in order to obtain 1: 
The Ss were assigned to the nine 
in order of their appearance at the da nell the 
cording to a prearranged scheme ran taining rye 
order of conditions within blocks cogition- 1 $5 
Our sets of stimuli used under each, Se with 1% 
two sets of lists were run consecutively 


credit. 


\ 


| 


in eact " 

ach replicati ni 

carded peu An additional 28 Ss were dis- 

Were due 2 the experiment. Of these losses, 4 
» apparatus failures, 14 to E errors, and 


to fail 
ailu " : enis 
the tin re of S to finish the experiment within 


le a Dub EE d 
two. allotted. This last category consisted of 


Ss fr 

"pas from each of the A-Bve, A- Bua A-Bac, and 

“Bao rr itions, and one S from each of the 
c and C- Bac conditions. 


App r 
aralus r ri 
alus and P ocedu e 


Al learn 

'2 soaring was by the anticipation method at a 
Were pr, ate with a 4-sec. intertrial interval. Words 
neers Ser eer on two Industrial Electronic Engi- 
Mmed Stale 80000 digital display units mounted 
à booth in y adjacent to one another on the wall of 
Bram bee S was seated. Stimuli were pro- 
Se y paper tape which advanced every 
The stimulus 


ON 
term ei by a motor-driven cam. 
NI Mid on the left-hand unit as soon as the 
M the Heheh » While the response term, appearing 
Unter cle $ hand unit, was delayed for 2 sec. by a 
Een pres Nr interval timer. Five orders of 
I tha Um ation were used for all lists. Selection 
Possible prusiar orders attempted to minimize 
Auring q emalis effects of presentation order 
de err E on the order of output at recall. 
( ia used in determining these orders were: 


a) No ; 
O ite 
tem should be immediately followed by 


inot] 
ler ite 1 
„item belonging to the same category; 
another more than 


no tw 
Onee; items should follow one 
; no item should appear in the same serial 
; and (d) the last item in one 
order for firs st in the succeeding m 
ically r first-list learning was determin’ 
-list Je prior to the experiment, while, or 
earning, it was the one which woul 
1 acquisition had con- 
tarted to anticipate the 
ad continued 


* terms 

ley rene on the second trial at 

" ie hed a criterion of 12/12 correct. 
een lists was approximately 2 min. 


Immediately following List 2 learning, Ss were 
given a series of arithmetic problems to solve within 
d. This filled interval following learn- 
event rehearsal of items and 
{fects on the two free-recall 


a 2-min. perio 
ing was designed to pr 
to minimize recency € 


tests that followed. 
On the free-recall trials, Ss were instructed to 


write down on a test sheet as many of the 12 adjec- 


tives as they could recall in 
recalled them. The Ss were allowed 2 min. for each 
recall test, with 1.5 min. between tests. The Ss 
continued to work on the arithmetic problems during 


this interval. 
Following 


p" 
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! TABLE 1 
= ACQUISITION MEASURES FOR List 1 AND List 2 LEARNING 
— Condition 
A-B |A- A- : ! 
= A-Bwc | A-Bse | A-Bac | A’-Bwe | A-Bac | A-Bac C-Bnc | C-Bac 
Trials to criteri 
s eri — 7 
Proportion Hs eA 9.96 | 11.17 9.46 | 10.83 | 9.88 | 9.71 | 9.42 8.46 
- ategory c s l 
gory errors — ERI 58 ESI 59 50 53 6 
E. 4 E .60 .63 
Errors on Tri 
s ial 1 5 3 
"roportion LN 9.00 | 9.00 | 9.25 | 9.33 | 6.96 $08 | 825 | 6.33 | 6.79 
Titegory errors on | 
a 
y a te aii 27 83 ER 18 83 12 3 3 
a 2 8 5 4 .83 A2 E 3 A0 
Proportion eis, 11:70 | 12'34 | 1217 | 11100 | 7:88 | 846 | 8.33 | 6.67 5.96 
eee errors to 
e 
p 9 AT 76 32 30 13 M ES 52 39 
à 


the order in which they 


the free-recall test, Ss were given a 


sheet of paper which showed the 12 adjectives typed 
down one side in a random order with two blanks 
opposite each adjective. The Ss were instructed to 
write down the two nouns with which the adjective 
had been paired during learning and to indicate 
whether that noun had appeared with the adjec- 
tives in the first list or second list. 


RESULTS 


Acquisition 


Table 1 presents the basic results of 


first- and second-list learning for the vari- 
ous conditions. All means are based on 
the combined data from the two sets of 
lists used under each condition as there 
e no significant differences between list 


wer 

sets. 
First-list learning: Analyses of mean 
inal learning failed 


terion in orig 


trials to cri d 
nificant d 


to show any sig 
conditions, either. by overall analys 


variance, F (i 176) <1, or by Duncan's 
test using the .05 level of significance. 


ifferences between 
is of 
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The amount of grouping in Speer 
s ras assessed by the proportion of over 
me wa i onfusions among re- 
errors representing cC x c $ 
s paired with stimuli from the 
ie wakes. On the basis of chance, 
aem within-category errors would be i 
pected to account for 18% of the tota 
overt errors. As in previous studies using 
categorized lists, this type of error pete 
with a much greater frequency than wou d 
be expected by chance in all eight condi- 
tions (Table 1). MO 

Second-list learning. Acquisition perfor- 
mance on List 2 was examined for early 
transfer by means of number of total errors 
(overt and omission errors) on the first 
test trial, and for overall transfer by means 
of number of trials to criterion. Analyses 
of variance revealed a significant overall 
difference between conditions for both mea- 
sures, F (8, 198) — 5.08 for errors on Trial 
1, and 7.57 for trials to criterion, P«.01 
in both cases. Specific comparisons be- 
tween conditions were again made by 
Duncan's test at the .05 level of signifi- 
cance. The interesting comparisons for 
both measures are: (a) between conditions 
differing in type of re-pairing but identical 
in interlist stimulus similarity; (b) between 
conditions differing in interlist stimulus 
'similarity but identical in type of re-pair- 
ing; and (c) between the transfer groups 
and the A-B control. 

Despite the interesting p 
obtained when different 
means are ranked from best to poorest 
performance, i.e., WC > BC > AC on the 
first trial, and the reverse, WC < BC < AC, 
overall, none of the differences between 


types of re-pairing was Significant for either 
measure. 


attern of results 
re-pairing group 


The rank ordering of me. 
differing in interlist stim 
remained the same for all types of re- 
pairing for both measures. Performance 
was best with stimuli representing com- 
pletely different categories from the first 
list, second with new stimuli representing 
the same first-list categories, and poorest 
when the same specific stimulus items were 
used in the two lists. All differences be. 
tween the A and C stimuli and four of the 


ans for groups 
ulus similarity 
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s 
six differences between A and * e. 
were significant at the 05 level (the = ec 
tions were the BC and AC compariso veen 
the first trial). Of the differences e 
the A’ and C stimuli, only the ade 
parison on the first trial reached sisi s with 
Comparisons of the transfer grou E we 
the control group showed ee ES 
perior performance for all nee ner 
and C stimuli in terms of overall p ups 
mance, and for both C stimulus qus 
and the A’-Bwc group onn the A enn 
Although the groups with identica "€ 
tended to learn more slowly thao nana 
trol group, none of the | jdm: noted 
statistical significance. It should ai accu- 
however, that these results do a tion of i 
rately reflect the amount and mr arn is | 
specific transfer since learning to T KA 
also a factor in comparisons with th | 
control. i vas 
Evidence for transfer of grouping. Tus | 
obtained in part from an analysis ors as 
proportion of within-category ena Since 
defined by the second-list pale made 
there were a large number of Ss W "ially in 
only a few or no overt errors, nh were 
the C stimulus groups, the error do M dition. 
simply pooled over all Ss in each Lam quite 
n overall pattern can be detect ity o 
easily, despite the unknown peaa a wC 
the size of the differences. The dich the 
conditions were the only ones in * «s was 
proportion of within-category a4 con- f 
Sizably greater than that made ur all per- 
trol group in both early and oe alta 
formance. BC and AC respalniys c 
in fewer of these errors than uis e 
group with identical or similar SU! 
the lists, but about the same an 


: » com 
the categories of stimuli were COMP 
different, 


Free-Recall T'ests 


ap of 
A mber 
Table 2 presents the mean n" 


Tabl cst an 
adjectives recalled on the first aber 
Fee-recall tests, the mean nun 


Served repetitions, O(SCR), and 
differe 


s nO. 
i. 
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TABLE 2 
MEAN NUMBER RECALLED AND MEAN CLUSTERING ScORES* ON FIRST 
d AND SECOND FREE-RECALL TESTS 
issus Condition 
\-B A-Bwe | A-Bnc \-Bac | AtBwe | A'Bmo | A’-Bac | C-Buc C-Bac 
F B recall I 
Alean recall 10.04 10.71 10.63 7 7 
OK 0 0.71 ).63 10.71 10.29 10.41 9.71 10.4 2 
Beck) 2.50 | 3.25 196 | uso | 242 | 208 | 138 246 196 
DC) 86 | 145 21 | -26 | .73 3T | 0.00 | -67 34 
391^ Sor 89 —.96 2.33* 1.22 .02 2:12% 1.37 
10.41 10.83 10.67 | 10.71 10.33 10.04 | 10.46 10.17 
2.08 3.13 2.08 2.63 1.96 1.92 2.96 2.08 
Ll 39 1.31 wt .86 M .28 1.21 38 
ERU .80 3:628* 1.46 2.66* 1.60 1.19 6:02" 1.30 


^ Mean clusteri 
Served repe Woo: scores are based on Bousfield and 
"i 
* 
at b $025, one-tailed test. 
+005, one-tailed test. 


diti . 
En number recalled for either recall 
first ang È 198) — 1.60 and 1.29 for the 
"s. dit Second recall trials, respectively, 
:36 item An overall mean difference of 
Teach Qus between the two list sets did 
dial p qnss on the second free-recall 
“Set did (1, 198) = 4.91, p < .05, but list 
itior not interact significantly with con- 

is F (8, 198) < 1. 
ing "ned The second index of group- 
terms d was clustering of the response 
Categori easured in relation to the stimulus 
othe thr SN used in the second list. Thus 
f cat ce adjectives paired with each set 
— ates Borized stimuli defined the response 

SA *&ories for all conditions. 

But of clustering was based on 
4 feasure and Bousfield’s (1966) deviation 
Mion, . whereby the number of repeti- 
| Dübtra, expected by chance, E(SCR), is 
Btaineg ted. from the number actually ob- 
D(scy O (SCR), to yield a difference score, 
attrib ), the amount of clustering not 

Mie Bien to chance. 
aA OCR) and D (SCR) scores for the 
Bin second free-recall trials for the 
"ps are shown in Table 2. Analy- 
tests the D(SCR) scores by one-tailed 
chance ee 23) showed significantly above 
ad e. Istering for the A-B wc, A'-Bwo, 
$ he A. "Bc groups on both trials, and for 
"S di el on the first trial. None of 
Tences were significant for the 


" 


first 
nine 
Seg 


ms; D(SCR) = mean difference between obtained 


Bousfield's (1966) deviation method: O(SCR) = mean number of ob- 


and expected number of repetitions. 


other conditions. The ¢ values are also 


presented in Table Dy 

Since response groupings for the A-Bac, 
A’-Bac, and C-Bac conditions differed in 
the two learning tasks, clustering was also 
measured in relation to the first-list pairings. 
The D(SCR) values were —.57, .37, and 
14 for the first trial, and —.40, —.04, and 
.09 for the second trial for the three groups, 


The .37 difference for the 


respectively. 
at the .05 


A'—Bac condition was significant 
level, one-tailed test. 


Stimulus Term Recall 

The mean number of correctly recalled 
nouns from the first and second lists for 
each group are shown in Table 3. Analyses 
were performed on the combined data for 
o list sets used under each condition. 
ance showed that List 2 
significantly superior to 
il, F (t 184) = 239.79, 
test indicated that 


the tw 1 
Analysis of vari 
noun recall was 
List 1 recall over: 


« .01, and Duncan's tes ha 
this difference held within each specific 


condition. There was no overall effect of 
conditions, F (7, 184) = 1.84, b > .05, but 
there was à significant interaction between 
list recalled and condition, F (7, 184) = 
2.72, p < .09- Further analysis paredes 
no differences between conditions in List 2 
noun recall, but significantly poorer recall 
for the A'-Bnc and A'-Bac groups than 
for any of the other groups in List 1 recall. 
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TABLE 3 
MEAN Noun RECALL For First AND SECOND PA Lists 


PEGGY A. RUNQUIST 


Condition 
C-Bac 
,, c Bac 
I A-B A-Bwc A-Bnc | A-Bac | A'-Bwe | A'-Bnc | A’-Bac C-Buc m 
A- - : = 
7.04 8.95 0.67 
38 8.12 8.38 7.29 7.0 aa 10. 
Vm | 1133 | H25 | 1039 | iA |o: | 232 10,50 | 10.79 | 1061 
List 2 . e a = 


Since the number of incorrect list identi- 
fications were approximately equal for all 
conditions and for both lists, these data 
will not be presented. 


DISCUSSION 


In answer to the questions to which this 
research was addressed, the following conclu- 
sions seem to be justified: (a) The relation- 
ship among grouped responses necessary for 
the groupings to be maintained is one based 
on common associations with specific cate- 
gories of similar stimuli, and (b) there is little, 
if any, effect of response grouping on the 
acquisition of specific S-R associations. 

The first of these conclusions is based pri- 
marily on the direction of grouping transfer 
as evidenced by the amount of List 2 w 
category confusion errors and the occu 
of significant clustering in free recall 
creased grouping was found only 
in which the response terms wi 
with stimuli representing the sa 
as in the first list 


ithin- 
rrence 
. In- 
in conditions 
ere re-paired 
me categories 


(WC re-pairing). When 


once grouped to. 
sociated with one 
ndependent of the 
es by which 
t place. 

ing would 


they 

Had this 
also have 

been expected to produc 

transfer for all three co 

similarity. 

A major aspect of the firs 
the critical i 
sponses i 
than specific stimulus terms, 
is primarily based on the 
pattern of vithin-category er 


l rors and response 
clustering for the A and 


A’ stimulus groups 


T Such 
under all three re-pairing gegen ion zd 
parallel results are difficult to explai vies are 
cific stimulus items rather than —— 
necessary for grouping. Additiona Me. 
comes from further analysis of the i test: [00 
response recall on the first free-reca eet. 
the A and A’ groups under the BC ibe R was 
conditions. Since each stimulus careen "ura 
associated with two different sets f ihi re- 
responses in the two lists, recall o atego 
sponses via cuing from stimulus Ca p^ 
pair- 
the 


» 2 
list. In the A~Bge condition, 132 of the ’ 
responses were of this oed 
130 of the 228 possible responses for the ponds | 
condition. Only about half of these E: paire 
(68/132) in the A-Bnc group had Bem in the 
with the same specific stimulus iten none 10 
first and second lists and, of enm roceed 
the A’-Bge group. Unless free recal p cond" | 
differently for the various repann E cod of f 
tions, this analysis provides further SURF pe 
that the response clustering in : to 
pairing conditions can be attributed categ 
of the responses by recall of dmi E. 
names. This explanation also anne n 
the response clustering shown by t onses y 
Condition, since recall of the resp ames a 
either first. or second-list category oduce i 
both, would still be expected to Pre 
Same response clusters. is st 
The second conclusion from oe no 
that response grouping has little associa 
on the acquisition of specific S-R in 
It was hypothesized that if respo jer 
did have a facilitative effect on „hich 
one would expect conditions Es the 
evidence of increased grouping ! y than 
task to learn this list more rapid!) 


yas 
jy wa 
ud > rec! 


g [o 
forma? 


Ai catch decreased grouping. The re- 
Despite bos: e E support this hypothesis. 
d es me ev idence of an advantage early 
Beth ipee HU mul within the 
rabid. ace mies categories did not lead to more 
sin s isition than re-pairing responses 

Tt oe stimulus categories. 
Particular st cobi that the results. of this 
could be dd do not deny that facilitation 
There are Ped x nder appropriate conditions. 
would count : ators i ia experiment which 
vided by iai any facilitative influence pro- 
digms S caeci First, the transfer para- 
Considerable would be expected to produce 
and backw interference from both forward 
second list b oem rd in learning the 
erence ndi though the amount of inter- 
decreased M decrease as interlist similarity 
Je sufficient. en this reduced amount might 
effects, T] E overshadow any facilitative 
Pategory br Pw di superiority of within- 
"e-pairing S between- and across-category 
categories en different instances of the same 
instances vore used, as opposed to identical 
Planation. prades some support for this ex- 
tation mia Second, the failure to find facili- 
similarily re be attributed to the particular 
erms E eg among the stimulus 
As Hero to form the basis for grouping. 
Concept. rood (1964) has pointed out with 
the e ly similar nouns as stimuli, it could 
SPonses [e that "the gross mediating re- 
they hatch ok names) were so strong that 
Precise A with the development of more 
indeeq agenesis [p. 72].” If this were 
Producin ag the necessary condition for 
leant acilitation might be the presence 
Mong y defined rules for differentiating 
anq pairs within subsets of similar stimuli 
dence ped responses. There is some evi- 
N ae is the case (Runquist, 1968). 
Ontrary enti of stronger evidence to pu 
concludi however, there is still little basis for 
ng that grouping of stimuli and re- 
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sponses into subsets results in faster acquisi- 
tion of specific associations. 
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AN EXAMINATION OF THE $ DAT TIS DONLEY Ble 
THEORY ACCOUNT OF TIME ERRORS 


HADYN D. ELLIS? 


University of Aberdeen, A berdeen, Scolland 


An evaluation was made of Helson's 1961 ad 
t "Thirty Ss were 
experienced standard and variable levels c 


time-error phenomena. 


Three interstimulus intervals (1, 4 
with the theory, a significant effe 
different time intervals, however, 
groups, whereas Helson predicted 
tions. Thus, it was concluded that t 
count for the strictly temporal aspect: 


Time errors (TE) may be defined as Sys- 
tematic errors in the comparison of two 
stimuli presented sequentially. : 
be positive (i.e., the first stimulus appearing 
greater, louder, etc. than the second) or 
they can be negative (i.e., the first Seeming 
lesser, softer, etc. than the second). Posi- 
tive TE has often been reported wit 
interstimulus interval (ISI) of less than 
3 sec. (Köhler, 1923), and also when the 
standard and variable stimuli are fairly 
small, weak, etc. (e.g., Needham, 1935; 
Woodrow, 1933). In many cases, however, 
a negative TE is found that increases as 
the ISI between Standard and variable is 
lengthened. 

The various theories 
count for TE phenomen 
ception, inadequate. 
that are based on the i 
image of the stand 


They can 


h an 


postulated to ac- 
à are, without ex- 
Those, for example, 
dea that the memory 
ard fades so that the 


variable is compared with a degraded 
stimulus (e.g., Kinchla & Smyzer, 1967; 
Köhler, 1923) cannot 


accommodate the 
evidence of positive TE. 


Other theorists have argued that the 
memory of the standard assimilates with 
the stimulus value intervening between it 


and the variable: Usually the interval is 
Cim a aic. 


* The author would like to 
Austin Davidson for designi 
apparatus, and Rosalind He. 
experiment. 

* Requests for reprints should be 
D. Ellis, Department of Psychology. 


Aberdeen, King's College, Old Aberg 
Scotland. 


thank Jim Torrie and 
ng and building the 
aton for running the 
sent to Hadyn 
A University of 
leen, ABO 2UB 
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tha 


aptation-level theory applied to 
assigned to three groups. The m 
entered on either 50, 65, or 80 db. 


, and 7 sec.) were employed. In accordance 
ct due to the prior levels was found. The 

produced similar downward trends for all 
t they should diverge in opposite direc- 
he adaptation-level theory could not ac- 
5 of time error. 


e 
empty and may be assumed to have $e. 
of zero, and so the image is corresponci yu- 
decreased (Lauenstein, 1932). This "n 
ment was tested by Pratt (1933) ` in- 
found, contrary to the theory, that a ee 
tervening weak stimulus produced a e 
diminution of apparent standard 2.7 More 
when no stimulus was interpolated. dar 
recently the assumption that the aem 
assimilates with any stimulus interpo b een 
between it and the variable has, itself, b 
questioned (Ellis, 1971, > been 

Other theoretical postures have Jian 
adopted, including that of McC lel ery 
(1943) and Stevens (1957), but in ev 
case, they ha 
both positive 
of ISI, and 
sulting from 
stimulus levels was 
The most Cogent attempt to do 80 "7 
made by Helson (1964). He caplan 
in terms of his adaptation-level ee 
Which states that all judgments ans ‘eve 
telative to the prevailing adaptation rd; 
(AL) Thisis an internalized “standa new 
Which shifts in the direction of each 1 
Stimulus encour timu 
weighted geometric mean of all the $ Time 
in, Say, t. [ the 
error, claims Helson, is the result ich the 
memory of the standard merging s the 
Prevailing AL, Normally this is be atl 
actual level of the standard [eger 
lying at the arithmetic mean of the metric 
since the A[, being nearer the B thmetic 
mean, is usually less than the ar! 


in press). 


. for 
ve been unable to account n 
and negative TE asa i "E re- 
Positive and negative I era 
employing different OV 


a laboratory experimen 


TIME ERRORS AND ADAPTATION-LEVEL THEORY 


mez , ; - 
Easily ps series. Thus, negative TE is 
lates with Resa for: The standard assimi- 
a variable ' 1 "e oe tham itama so 
standard vill = objectively equals Mie 
occurring vill seem greater. Positive TE, 
levels dr a result of employing lower 
easily is oa and variable, can also be 
example, — Needham (1935), for 
order linge esented four levels in random 
60 db. TI koe standards of 30, 40, 50, and 
be 44.25 db. overall AL was calculated to 
40-db. dun, which is above the 30- and 
kd. Sie d and below and 50- and 
Predicts ie Helson's theory, then, 
Positive TE ; the first two should show 
his is a the latter two negative. 
Served. TRA what Needham had ob- 
tendencies | addition, he noted that these 
S Was in SRGRIDR more exaggerated as the 
Ada i creased. 
ains 2b ace e theory, however, con- 
Variables a for dealing with temporal 
Qualified (Ellis, 1971). This omission is 
iscusses = qiia when Helson (1964) 
on Needl e phenomena. He then relies 
the fact ram's (1935) own explanation of 
; eiie: lengthening the ISI increases 
E. N nsity for positive and negative 
: cedham conjectured that, as the 
Dre NU aie. is so the effects of 
ation. Lov cq imuli are enhanced. In adap- 
lengthened theory terms, as the ISI is 
R88 on i the comparison will be made 
Standard. he basis of the intensity of the 
the € more on the prevailing AL. 
ly ae AL is altered by pre- 
uli ( posing Ss to different ranges of 
Telson'g “aled "residual contexts”), then 
to that į (1964) prediction would be similar 
thr illustrated in Figure 1. This shows 
Curves based on points of subjective 


tim 
H 


qu 

talit 

Sis I (PSE) values obtained at three 

ith the Helson's view the PSE is identical 

“vel d prevailing AL. Thus, when the 

res Prior exposure is higher than the 

nha, .. 9^e, this should have the effect 0 

a eng tl ad: 4: 
he memory of the standard; 


Will d, the 

e 

Wi |^ à — 

VI g „Variable less than the standard 
ce to produce apparent equality- 
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Positive 
Loud Residual Context 
A 
c 
92 Equal Residual Context 
[3 
iud Interstimulus Interval —— 
c 
Soft Residual Context 
negative 
Fic. 1. Hypothetical time-error curves when 


residual context condi- 


standard = 65 db. for three 
vel theory. 


tions based on Helson's adaptation-le 
these effects will be 
he ISI is increased. 

nt is an attempt 


According to Helson, 
more pronounced as t 

The following experime 
to evaluate Helson's (1964) predictions 


concerning both the effects of residual con- 
texts and whether any such predisposing in- 
fluences increase as the ISI becomes longer. 


METHOD 


and 15 female first-year 
d to participate. They 
and the 


Fifteen male 
tudents were pal 
concerning both the theory 


experiment. 


Subjects. 
psychology s 
were naive 
objects of the 

Apparatus. rat 
E. (Grason-Stadler Békésy 
ing 1000-Hz. sigr 
that prevented clicks. 


tus comprised a sound 
; audiometer) produc- 
nals through an electronic switch 

The durations of these tones, 


as well as interstimulus intervals and intertrial in- 
tervals, were controlled by a taps reader (Trend). 
Attenuation was provided by a resistor system which 
allowed the variable to be + 1 db. or equal to the 
standard. Up to six atia time sat in a console 
room. The tones appeared via earphones (Brown, 
Super K), and each trial was heralded by a flash 
from a red light. The ambient noise level in the 
room was & steady 38 db. (SPL). 
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TABLE 1 


MEAN POINTS AND STANDARD DeviATIONS 
. PARENTHESES) OF SUBJECTIVE EQUALITY 
(IN DB) FOR THE THREE RESIDUAL 
CONTEXT Groups AT EACH OF THE 
THREE INTERSTIMULUS INTERVALS 
(ISIs) EMPLOYED 


(IN 


ISI (in sec.) 
Group ES 
1 4 7 x 
A 65.87 65.52 65.37 65.58 
(2.05) (.60) (.35) 
B 65.35 64.90 64.66 64.97 
(.68) (32) (.86) 
[9 65.29 64.85 64.40 64.85 
(96) (59) C97) 
x 65.50 65.09 64.81 65.14 


:n- standard deviation of each mean, 


Procedure. Trials consisted of 
light followed 3 sec. later b 
interval (1, 4, or 7 sec.) later 
or equal to the standard, occurred. Both standard 
and variable tones lasted 3 sec. An interval of 8 sec. 
then elapsed between trials, 

The Ss were semirandomly 
three groups; each group cont: 
five women. The groups rei 
different levels in the first h, 
all received the same level 
session: Group A experienced 72 trials with a stand- 
ard of 80 db. and variables of 79, 80, and 81 db. 
Group B experienced 72 trials with a standard of 


a j-sec. warning 
y à standard tone. An 
à variable tone, + 1 db, 


assigned to one of 
ained five men and 
ceived exposure to 
alf of the session and then 
in the second half of the 


positive error ) 

66.0 
65.8 
65.6 
65.4 
65.2 
65.0 
64.8 
64.6 
64.4 
64.2 


POINT OF SUBJECTIVE EQUALITY 


( negative error ) 


Fic. 2. The Mean poin 
subjective equal 


line psychometric functi 


HADYN D. ELLIS 


Q 

65 db. and variables of 64, 65, and 66 ab es. d 
experienced 72 trials with a standard of : 
variables of 49, 50, and 51 db. T 

In each case, the three ISIs (1, 4 MEE 
occurred equally often and randomly. peu 
5-min. break, Ss in cach group were then E rd was 
to a further 72 trials. This time the pun el 65, 
set at 65 db. with randomized variables 9 ISI was 
and 66 db. for all three groups. Again the es un 
randomly 1, 4, or 7 sec. The order of [ae (i 
randomized for each subgroup tested ae cwledgs 
Ssata time). Twelve practice trials with 2 trials 
of results were given prior to the caime 
These comprised two examples of cach T 
combination at the particular intensity leve! 
chosen for each group. 


RESULTS AND DISCUSSION 


The mean PSE values for the Ho 
groups are given in Table 1. down. 
illustrated in Figure 2 where it is clear a 
the trends are not the same as "e ees 
predicted from adaptation-level th 
Which are shown in Figure 1. that 

An analysis of variance revealed PSE, 
the three groups differed in overall t of 
FQ) = 4.97, p « .05. The effect ^ 
increasing the ISI was also signific: no 
F (2, 54) = 421, p < 05. There ite 
Suggestion of an interaction between Li 
and time intervals (F = .04), which WOY, 


E 
: Telson 
have been expected on the basis of Hel 
theory, 


S D 
E 
4 7 
zc. Interstimulus Interval ( sec.) 
SS 
o B 
"WU SG 


equalit 


y (The individuals” points of 
rpolati 


on of their best-fitting straight 


residual contexts (A = 80 db., 
-), at each of the 


three ISIs employed (1, 4, and 7 


7 


TIME ERRORS AND ADAPTATION-LEVEL THEORY 163 


are "produced by other factors than time 
[p. 158]" is in error. 

. Even when a satisfactory solution to the 
immediate problem is reached, there is still 
the occurrence of positive TE with short 
ISIs to explain. This is a problem that 
is ignored by Helson and therefore consti- 
tutes an implicit defect in his approach, 
which as already mentioned seems only 
partly appropriate. 


per analyses using the Newman- 
on n on showed that the PSEs of 
End R / differed from those of Groups B 
ed a < Deb but these did not differ 
vals ined x ier. The 1- and 7-sec. inter- 
Pen uced different PSEs for all three 
ien ta < 05), but 1- and 4-, and 4-, and 
lee quee did not differ significantly. 
fects a 8 PS that residual context 
EN d affect l'E has been fairly well 
pn 1 he 80-db.. level context pro- 
S0-dh an overall positive T E, while the 
slightly sonent caused the TE to be 
Eun S or Phe failure of the latter Unpublished doctoral dissertation, University of 
E isnt fe produce a TE significantly "oua [o o 1971. Si f 
Preceded i es dos when the 65-db. context a ctum Na) Peri d 
fiis E possibly due to sampling bias. 1973, in press. dix Bee 
theoretical noe the CASE), then Helson’s  Hrrsow, H. , Adaplation-tevel theory. 
could a , "Approach to TE phenomena oe ee 
ee th erceptusl memon 
5 Sen be views on temporal effects physics, 1967, 2, 219-229. 
Stead of +g math the present data. in- KÖHLER, W. Zur Theorie des Suksessivvergleichs 
as the ISI ; expected divergence 1n cury es m. ps b Psychologische Forschung, 
Were subj increase, ho ime apes. LAUI m "o units zu einer physiologischen 
that mi Het pa the Same downward trend “Theorie des V eceleialis: und der ditlellere Psy- 
Jat might be described as a tendency to- p n 7 2 
Wards negative. TE A abis iex i š chologische Forschung, 1932, 17, 130-147. , 
lion of uL ve E. A possible exp'ana- McCieLLanp, D. C. Factors influencing the time 
effects re is that, far from enhancing the 
time int n residual context, increasing the 
erval between standard and vari- 
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INDIVIDUAL ORGANIZATION AND RELEASE FROM 
PROACTIVE INTERFERENCE : 


JOHN S. McINTYRE; R. A. STOJAK, 


University of 


Wickens rele: 
trol group had fo 
jective category, w 
a different subjecti 
nificantly better o 
the hypothesis of 


hile the experimental 


Keppel and Underwood (1962) were able 
to show that much of the forgetting that 
occurs in a Peterson and Peterson (1959) 
short-term memory (STM) design may be 
attributable to proactive interference (PI). 
Keppel and Underwood found that PI 
builds up Very rapidly over Successive 
STM items, being near maximum after as 
few as three or four trials. Underwood's 
(1969) analysis of interference and reten- 
tion processes Suggests that the PI effect 
in such experiments is due to an overlap 
between the memory attributes of Succes- 
Sive items. When memory attributes Over- 
lap, competition or interference between 
successive items would be expected at the 


time of recall, and thus, the findin of PI 
in STM. This argument j i 


the data of Loess and W 


4 the 


encoding attributes sho 


by National Re- 
ant APA-317, 


* Now at John Abbott Ce 
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ve category on Trial 4 
n Trial 4, indicating th 
similar encoding attrib: 


AND W. MOSTOWAY 


Manitoba, Winnipeg, Manitoba, Canada 


attributes in short-term memory (STM) and 
igated in the present study. Ss were first re- 
ed words into four conceptu 
m the same sort category wi 
ase from proactive interference 

ur successive STM trials wit 


al categories of 6 
ere then used ina 
(PI) experiment. The main con- 
h items drawn from the same sub- 
group switched to a word triad from 
* The experimental group scored sig- 
at release from PI occurred and that 
utes was supported. 


af 
lease from PI. A typical release ron 5 
experiment requires a control group v idi 
receives four successive STM trials an 
items drawn from a “homogeneous real 
An experimental group receives € 
items on the first three trials with ance 
fourth item being selected for its differe! x- 
along the relevant dimension. If ue 
perimental Sroup scores a greater per 
age of items correct on Trial 4 than to 
control group, release from PI is said a 
have occurred. Wickens holds that a 
change in the stimulus set that leads tO 4 
release. from PI indicates that this uti 
relevant dimension (memory attribu à 
along which verbal items are stored in pe 
retrieved from memory. If no release nn 
curs with a change in the stimulus set, uud 
argued that this is not a relevant encoding 
dimension. Using this technique, Wicke is 
has demonstrated that maximal ond 
associated With a variety of semantic € ah 
acteristics of STM items, and hence e. 
tic changes are considered to be the maJ 
encoding dimensions for verbal items. 

e present research is an attempt n- 
relate encoding behavior in STM to ing: 
coding behavior in. free-recall prs 

hat Ss Organize free-recall lists has (here 
demonstrated repeatedly both when t be- 
are F-defineq categorical relationships 
tween the Words of the list and nea 
are required to impose their own ks oe 
tion or structure on a list of unrelated 1070) 
(Tulving, 1968). Mandler (1967, "he 
"aS argued that Ss must organize 


| 
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rs T list into subjective 
PE E. ce recall beyond the memory 
EE as Mn of items within the same 
tegon ediated by a category title or 
Sid iion much as Bousfield (1953) 
1970) ah fore previously. Mandler's (1967, 
Ein have pace for studying organization 
Pinto " s sort lists of words into varying 
sels then peri aie using any conceptual 
ins xs E ish. W hen a criterion of 
cow s nistency is reached, a free-recall 
Es anm eie entire list is given. Clustering 
em = i occurs at recall just as it 
Tn sod ree recall of lists which have 
This pattie egorical relationships built in. 
mise hia or organization in free recall 
Bises e the use of relevant item at- 
STM 2 oe then the encoding in both 
along im ree recall involves encoding 
zation in : Maii Wes and category organi- 
Bion anm ree recall should provide informa- 
ST ut relevant release dimensions in 


ibo, change in taxonomic category has been 
release ^ ve one of the most powerful STM 
Well as mensions (Loess, 1967, 1968) as 
in free b uer d determiner of clustering 
The bate performance (T ulving, 1968). 
Eus id research was designed to de- 
tion kp RR the subjective organiza- 
70) eee during the Mandler (1967, 

a Sisco t procedure would carry over into 
e A a release from I I study. More 
Eon SAN if successive STM items are 
2S a n the same sort category of a 
mg free-recall test, then PI should 
D. If the subjective categories formed 


nu h 
Y Ss in the Mandler procedure are parallel 


O te 
>, @Xonomic categories, then release from 
fourth STM item 


. + sh 

18 A teh occur when the 

Ory ct from a different subjective cate- 
than the first three items. 


METHOD 


A total of 132 introductory psychology 
nitoba served as 


tirement. They 


s uatbjects, 
Ss fuses the University of Mar 
Were = ill part of their course requ 
Soups SEQUI assigned to the three treatment 
Umber ee the restriction that there be fon equal 
earnin males and females in each condition. 

Tee recall s list. The list presented for sorting 
trol condi consisted of 24 nouns chosen from the con- 
ition of Stojak and McIntyre (1972). The 


and 


euteiches in length and 3-AA in 
were high-probability eee ash 
end em jeeps ie of one another. 
ida whee ei " ARMY BEONDE! BREAK- 
MASCULINE “MONTH got en 
LIN MONTH, 2} R, MULTIPLICATION, 
NORTH, ORI L, PENNY, PRINCIPAL, SPADES, SPOON, 
SUMMER, TENOR, VOLT, TORNADO, and YARD. 

Experimental design. The design required an ex- 
perimental (E) and two control groups (Ci and Cs). 
Group E and Group Ci followed the Mandler sort 
procedure to a criterion of two consistent sorts, and 
thus cach S imposed his own organization on the 
list of words. Following t Group Ci received 
four successive items from within the same subjec- 
tive sort category. Group E received three items 
from the same subjective category followed by a 
fourth item from a different category. 

Since each STM item consisted of a three-word 
triad and each subjective category contained. six 
words, it was necessary to use each of the six words 
of a category twice in preparing the STM items. 
The possibility of PI release for Group E, due to a 
mere change in the s mulus pool rather than a 
change in subjective category, Was therefore present. 
Group Ce controlled for this possibility by under- 
sort task which did not require 
organizing the words, with subsequent STM items 
being drawn from the same pool of six words on 
Trials 1-3 and a new pool of six words on Trial 4. 

Procedure. The Ss in Group E and Group C1 
were given a deck of cards containing the 24 words, 
1 word per card. They were instructed to sort the 
words into four categories containing exactly six 
Instructions emphasized that the sort 
basis of any physical 
of letters, alphabet) 


going a passive 


words each. 
should not be done on the 
properties of the words (number c 
but rather on a conceptual basis. On the first sort 
trial, Ss were allowed to expose all the cards before 
putting them in categories. Following this original 
sort, Ss were required to sort the words repeatedly 
into four categories, being allowed to see only the 
n each category. Each word was read 
as placed in a category. The cards 
a different random order on each 
continued to a criterion of two 
The Ss were subse- 
recall the entire list of 24 words. 
Jaced on the rate of sort- 
n the free- 


top card in 
aloud as it W: 
were presented in 
trial, and sorting 
identical sorts in S 
quently asked to free 

No time limitations were p 
ing, but à 3-min. time limit was placed o 


recall trial. 

Group C: 5s underwent s [ 
involved sorting the 24 cards into four categories 
of six words each, in much the same way as dealing 
a deck of playing cards. Each word was read aloud 
as it was placed ina category. All Ss in Group Cs 
were given five sort trials of this type with the cards 
in a different random order on each trial. Since 
there were no instructions to organize, and since 
items within the categories changed on each trial, 
organization of the words could not occur bei 
group. The criterion of five sorts for a was Ix 
on a preliminary study which showed à Data most 
all Ss required to sort to a criterion of two successive 


uccession. 


a passive sort task which 
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identical sorts reached this criterion in fewer poe 
pos js: Thus the actual exposure of cards for 
pve eia S is great or greater than that for 
er Ghi € or Group E. Fallowing ADT 
task, Ss in Group C» were asked to free reca. he 
pu ie mes om as many of the 24 words as 
dese the 3-min. recall pee ea 
the eight STM items for that S. I ch item cor 
sisted of three words from one of S's four sort 
ae zories on the terminal sort trial. For Group E 
aes 2 and 3 were chosen from among the si 
Vien aE a single category, while ltem 4 was chos en 
from another category. Items 5-8 were chosen n 
a similar manner, with Items 5, 6, and 7 oe M 
same category (but different from the categories for 
1 ns 1-4), and Item 8 was chosen from S's fourth 
ae category. Group C; had four items chosen 
from the same sort category for Trials 1-3 and four 
new items from a different category for Iri 5 5-8. 
Group C: had items chosen identically to Group E, 
with the categories defined as those into which 5 
sorted words on the last sort t „Since words 
were put randomly into these egorles and there 
were no instructions to organi no conceptual 
relations should exist between items within a cate- 
gory for this group. 

For all groups, no word was repe: 
twice during the four trials in whic 
for inclusion, and no word was ever in the same 
position within an item. Which categories were to 
be used, and in what order, was determined ran- 
domly for each 5. 

Each STM trial had the 
events with cards bein 
with a click controlled 
(3 sec.), the three-word 
to read aloud (2 ), retention interval Q0 
and Recall (15 sı The Stroop test, which re- 
quires that ,S say the color in which à color word is 
Presented, was used as à rehearsal prevention task 
during the retention interval. Four different Stroop 
cards were used, each being used with two items, 
A 2-min. rest Was given between Trial 4 and T ial 5 
to allow f. 


Or PI release for all groups, since Loess 
and Waugh (1967) have de 


monstrated that PI does 
not build up when greater 


ated more than 
h it was eligible 


following sequence of 
g presented simultaneously 
by Hunter timers: Ready 
item which S was required 


sec), 


than a 2-min. intertrial 
interval is used. At the time the experiment was 
designed, the authors were not 


aware of the results 
of Kincaid and Wickens (1970) which indicate that 
release from P] is only 75% complete after a 2-min. 
rest interval following three successive STM items 
with a 30-sec. intertrial interval, 

Two Es ran all Ss individual] 


Y with cach E test- 
ing half of the Ss in each of the 


conditions, 


ResuLrIs 


Of the 88 total Ss in Group E and Group 
C; only 7 in Group E and 10 in Group C, 


failed to reach the Consistency of sort 
criterion in the minimal three trials, and of 
these only 3 Ss required more than four 
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" at 
trials. From this it would ae i 
allowing S to see and categorize 2 a 
list of words at once is more conc yo Oke 
reaching a rapid sort criterion than origina. 
cedure used in Mandler's (1967) oris 
experiments. . -ed 

pres of the free-recall 2 ed Dia 
that Group C» had recall (3.2 d. “Ot 
ferior to that of either Group. m spite 
words) or Group C, (21.0 gards) n gave 
of the fact that their five sort Laon the 
them more exposure to the words omae 
other groups. This is expected, h ize the 
on the grounds that S must organ pir, 
material in order to achieve high 
(Mandler, 1967, 1970). "EDS 

As a check on whether Ss in at o 
and C, were actually organizing de im 
words, the adjusted ratio of clus «e 
(ARC) score of Roenker, eee o 
Brown (1971) was computed for pec 
the three groups with free-recall p cate- 
mance the dependent variable anc sorte 
gories defined as those into which S M be 
on the terminal sort trial, As baee 
expected from the procedural dr 008) 
the mean ARC score for Group Ce 0 and 
Was very close to 
considerably below Group E 
Group C, (.736) whic 
mal ARC 


E 
à chance score of V? d 
| chai (791) and 
» max 

h approach the "iffer 
value of 1.00 and do not 4! 


ctio 
significantly from one another. Imper d 
of the sort Categories for all Ss in e 
C; and Group E suggests that er 
pairs appear together beyond a ‘ONDE 
level (eg. ARMY-FEDERAL, BLONS 
MO! 


OR-MASCUL ERN 
; TORNADO-SUN 


JER 
NORTII, 


s Oil 
-ever, bey?’ 
and Br KFAST-SPOON). However, to be 
these diads, organization appeoa pell 
highly idiosyncratic in nature. Pos Ss 


st E 
mental questioning indicated that moric: 
are able to place labels on piren een A 
but even when two Ss reported iden words 
Very similar category labels, the entical 
Within that Category were seldom gc 
Figure 1 summarizes the recall wW em 
the eight STM trials. Following. 5 SC red 
(1970), the recall on each trial W S 4 int 
out of a maximum value of four, p on’ 
for each word correctly recalled „r orde" 
Point for all words in the prope 


CATEGORIZATION AND 


PERCENT RECALL 


TRIALS 


Fic. 1. 


The ¢ 
ftom pi Srey that the expected release 
rial 4 a T for Group E on both 
t on dim l'rial 8, with the release great- 
Scores were second occasion. The recall 
Ormation ¢ subjected to an arc sine trans- 
erforme | and an analysis of variance was 
lease hems W hile it appears that the re- 
cond ps : l is greater for Group E on the 
Cant Gr petition, there was not a signifi- 
tion -u x Repetition X Trials inter- 
*roups (6, 378) = 497. The overall 
Signifie, rials interaction was, however, 
Dnm s ane F (16, 378) = 3.02, p < 0l 
“ating post hoc Newman-Keuls test, indi- 
iffe that (a) the three groups do not 
f the first 
C F only 
E shows a significar i 
of pun from the third to t 
"ong à set; and (c) Group E performs 
the ¢ d the level of either control group on 
(19 Dtical fourth trial. Utilizing Wickens' 
- 6) procedure for calculating the 

t on of release from P1, it was foun 
STET. percentages were 48.8 and 121.4 
£ tand Trial 8, respectively- Groups 
Nese zh. 2 were combined in determining 
rcentage release scores. 


- a 


Derce: Y a " ^| f; i j; 
Percentage of correct recall as a function of tri 
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e—e EXPERIMENTAL 
e----e CONTROL | 
o———o CONTROL 2 


ils and test condition. 


DISCUSSION 


results of this study extend the finding 


The 
of release from PI when taxonomic category 
is changed (Loess, 1967, 1968) to situations 
Ss imposing 


re categories are formed by 
anization or structure on a list of 
This study both gives sup- 
procedure for 
nd sup- 


whe 
their own org: 
unrelated words. 
to the Mandler (1967) 


port 
memory, ar 


studying organization in 
rts the idea that a category title or label is 
ge for free recall. The 
rred for Group Ce 


po 
the basic unit of stora 
that no PI release occu 


fact 

in this experiment shows that release for the 

experimental group was not due to à switch 
but a switch to words 


to new words per se, 


that had 


than the prior $ 4 
The results also give credence to our hy- 


pothesis that release from PI and clustering 
are closely associated phenomena. Where re- 
lease from PI occurs witha dimensional change 
in the verbal materials, it should also be pos- 
sible to show that manipulating this dimension 
will determine which items are placed in the 
same sort categories in the Mandler (1967) 
procedure and which items will cluster to- 
gether on a free-recall test. We know that 
taxonomic category, when the categories are 
clearly defined, and sort category, when no 
general categories are present, will effect both 


a different represen tation in memory 


ets of items. 
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-recall clustering. In addi- 
E. Moved e ee that a change in gram- 
n i class does not produce PI release 
a li 1970), nor do Ss use grammatical 
$ "i as a basis for clustering in a free-recall 
E n (Cofer & Bruce, 1965). If our argu- 
aa correct, then word frequency, semantic 
cm aen polarity; sense impression, and any 
B emantic attribute of words associated 
Br PI release should also be relevant en- 
acie attributes for free recall, and manipu- 
lene these attributes should be a pou ot 
which words will cluster together on a ree- 
ix e that PI release can occur based 
on S-defined categories within a list of words 
warrants further investigation. 
began the STM task immediat llc 
the sort task, the question of the stability of 
sort categories and their relationship to PI 
release when a period of time Separates the 
tasks is in doubt. Since there were no clearly 
defined relationships betw 


cen the words of our 
lists, the individual's sort c. 


ategories would most 
probably show considerable instability over 


time. This should lead to a reduction in the 


release phenomenon as the Sort-STM in 
increases. 


Since our Ss 
ely following 


terval 
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Two experiments explored differential re 
In the first study, sequences of paired ass 
a test from half of the list or 


/ forgetting. 
followed by an Only cue signaling 
signaling a test from the entire list. 


fc 
hearsal interaction showed rehe 


ince was higher in the Only 


allowing for differential rehearsal in 
effects on performance were similar. 

showed a cue effe 
lhe effects on perform: 
while the intrusion results 


fan = are presented with a. list of 
instruct PHP e and, before testing, are 
remember sp forget part of the list (or to 
the ise part of it), their performance on 
Proves e-remembered (TBR) items im- 
E similar E compared to performance on 
Structio; onditions without the forget in- 
has aes This intentional forgetting effect 
l tently a considerable attention re- 
EU 5 the result holds even if the 
tion of c es is given after presenta- 
Jne toe items (postinput instruction). 
tiomenon + ble explanation of this phe- 
that Ein proposed by Bjork (1970) states 
T Med the instruction to forget, S can 
Grey ially rehearse only the TBR items, 

TI Y increasing later recall. 
he differential rehearsal interpretation 


ee v 
SS 


hi * 
inr been investigated by Shebilske, Wilder, 
Epstein (1971). They presented Ss 
(CVG= 


With f ) 
Word lists of four paired associates 
Bod with 3-sec. intervals after the second 

fourth pairs. These intervals were 


eit] i 
‘ther both filled with an arithmetic prob- 
econ 


Ir 

eee condition), or only the s : 
Neither was filled (semifilled condition), OF 
Ore th was filled (unfilled condition). E 
— the second interval, à cue was pre- 
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ery, who is now at the Department of Psy 
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Aug] 


X chology {7 
Tro University of Houston, 


was either available for rehearsal or filled with an 
and rehearsal conditions. 


arsal had a greater e 
n the second study, the cue either prece 


ct on the pattern of intrusions 
ance are attributed to both rehea 
are attributed only to organiza 


INKELMAN 
New York at Buffalo 


hearsal as a factor in intentional 
ciates (CVC-word) were 
a Both cue 
A 3-sec. interval followed the cue and 
arithmetic problem. Per- 
A Cue X Re- 
fect in the Only condition. 
ded or followed the rehearsal period 
one condition but not the other. The 
Intrusion error analyses in both studies 
but no effect of rehearsal. 
sal and organization, 
itional factors. 


cating from which set of pairs 
est would come. The cue 
the first two pairs, the 
the entire set. An- 
ed in the experi- 


sented indi 
the subsequent t 
signaled either 
second two pairs, Or 
other variable manipulat 
ment was categorized vs. uncategorized 


lists. In the categorized condition the 
words in any one list were all members of a 
definable class. In comparing the semi- 
filled with the unfilled conditions, they 
found that the cue increased performance 
by the same amount in both conditions. 
This result contradicts the interpretation 
of postinput differential rehearsal, since it 
was assumed that in the semifilled condi- 
tion S was busy solving the arithmetic 
ind could not rehearse. If this 
, and if S rehearses the 
TBR set in the unfilled condition, an 
interaction should result: The cue should 
help more in the unfilled than in the semi- 
filled condition. Shebilske et al. argued that 
differential rehearsal does not contribute 
significantly to the cue effect. They pro- 
posed instead an organizational mechanism 
that organizes the input by sets thereby 
restricting the search set for the conditions 
where the cue signals only half of the list. 

The results obtained by Shebilske et al. 
(1971) are inconsistent with current theo- 
retical formulations. To begin with, dif- 
ferential rehearsal and organization are not 
exclusive. Since the cue comes after the 
input, differential rehearsal presupposes 
some kind of organization because S must 


problem ¢ 
assumption is true 
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i ify in memory the TBR 
P pow = mpage Eos it. In addition, 
os enne of rehearsal has been shown 
arem rabile memory experiments, and 
= ema | roseis are an important part 
Dope: cate memory models. . Shebil- 
E cl did not get a rehearsal main effect. 
T a his experiment should an oppor- 
amy " gn items not enhance the 
fecal ft those items? The results might 
pe : tifact of some peculiarity of the 
E as ny The performance levels in 
E Leonem were high, wong t ns 
condition using categorized lists Cc t 
90%) which might result in a ceiling effect. 
ae possibility, however, vus bes ie 
the same results obtained in gh study 
by Epstein, Massaro, and Wi er 


(1972), 
where performance was much lower, An- 
other possibility is that the interpolated 


ask was too easy and 
ee ae in the filled and semifilled con- 
ditions. It should be noted, though, that 
Ss' introspective reports indicated the 
was sufficient to prevent rehearsal, 
The following experiments 

signed to explore these possibili 
first experiment was essenti 
tion of part of the Shebilsk 


allowed some re- 


task 


were de- 
ties. The 
ally a replica- 


€ et al. (1971) 
experiment. The study dealt with the issue 
of task difficulty by using two different list 
lengths. 


It was e pected th 
effect or an insufficient 
is the reason for their 
the length of the 
order interaction, 
interaction ( 
will exist in 
Short lists, 


at if a ceiling 
interpolated task 
results, incre. 
list will result i 

The Cue 
the differential reh 
the longer lists, and not in the 
Experiment I1 was designed as 
à replication of part of Experiment I with 
à different manipulation of rehe 
portunity, 


asing 
n a triple- 
X Rehearasl 
earsal effect) 


arsal op. 


METHOD 
Experiment I 
Subjects. Sixt y-four Ss 
participated in the 
served as partial fulfilln 


(34 males and 30 females) 
experiment, 


Participation 
nent of an introductory psy- 
chology course requirement, The Ss Were assigned 
randomly to the experimental] conditions, 

Apparatus and materials, The stimulus 
consisted of CVC 
taken from the 


: materia]s 
-word pairs, The í 
tween 37-62. 


Cs were 
ranging be- 
a Y was used, 


Archer (1960) norms, 
No CVC involving 


é Si FINKELMAN 
A. SPECTOR, K. R. LAUGHERY, AND D. G. FINKE 


d xe- or four-letter 
The words were high-frequenc ee randomly. 
words. CVC-word pairing re ed, each contain- 
Two sets of materials were peg juan in each list, 
ing 32 lists. One set had u€— presentation 4 
while the other had eight. bea Dink interval 
ach of these lists was followed by at arithmetic 
Fas å Condition) or by anm The 
(rehearsal [R] conc al [NR] condition). ben 
problem (no rehearsa d two-digit num i 
arithmetic problem was always a at a 10 boundary 
minus a one-digit number, such tha : is (0.38 ^ 
would be crossed for a correct elt Ge he lists 
would not be allowed; 38 iis 9 "s projector. 
Were presented visually, using a slic ae and two re 
Procedure. The two list lengths stria com- 
hearsal conditions resulted in four trei eich: Tie 
binations with 16 different Ss run b. vo (or four) 
tence of events for each list was: i (always 
pairs for 2 sec. cach, a 3-sec. blank Ee 2 sec. each, 
blank), another two (or four) pairs ET that was 
a 300-mse cue, and a 3-s Be problem. 
either blank or filled with an a adu visually 
The arithmetic problem was PT jm the list 
After the last 3-sec, interval, a CVC T ite word 
was shown and S had to write the alae E for 
response. The CVC test item stayed cady slide 
8 sec. and was followed by a l-sec. re 
(blank red) and then the next list. o lights 
The 300-msec. cue consisted of two BE d 
to the left and one to the right of the La Te from 
The left light signaled that the test We indicate! 
the first two (or four) pairs, the right lig "The occur" 
à test from the last two (or four) pairs. „st could be 
rence of both lights signaled that the v th condi- 
from any item in the list. Both lights Do light 
tion) were turned on in 16 lists, and are each 
and right light (Only condition) in 8 umber b 
Zach serial position was tested an equal a These 
times in each of the three cue eane em the 97 
different cuing conditions were assigne ere divides 
lists ina semirandom way: The 32 lists w v 8 trials 
into three blocks containing 12, 12, E cue à 
In each block, half of the lists had a Boro signi js 
one fourth had one of the Only cues. Ds Tha 
Were assigned randomly within each oe of * 
Procedure was used to prevent long . Both cuc? 
Particular Cue; the longest run was Rus perimch f 
in à row and appeared only once in the hath p 
Two practice lists preceded the presen were le 
the 32 lists, The cues in the practice lists ; 
and right, in that order, and wet 
The Ss Were instructed about the BUG cci is 
reminded again about it after the two P enn 
They were also told (for the ERR jon 
to write the answer to the arithmetic pto 4 s Ce 
responding to the test CVC. SUN ce 
couraged, ‘The Ss were run in groups, 
size between 7 and 10, 


ist? 
ition) 
before 
15 an 


Experiment II 


In order to increase the generality d out "1 
experiment, a second study was Fhe major chan? 
ifferent Ss and crent stimuli, The rehearsa f 
lowever, was_the manipulation of 


he 
E u 
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REHEARSAL AND ORGANIZATION IN DIRECTED FORGETTING 


ortunity. B ; 
ost In. Experiment IL the interval was al- 
Intone we the timing of the cue was varied. 
Nei mud ion the cue came before the 3-sec. 
tern] ca Us the other it appeared after the 
condition : : o aee the test stimulus In the first 
Fhentaly die TB opportunity to rehearse dif- 
PB iid nonien vene In the second condition 
NOE know SE duriag the rehearsal period he did 
were design: "es set to rehearse. The conditions 
NDR fad T. DR (differential rehearsal) and 
is that d uie rehearsal). The prediction 
intentional eer rehearsal contributes to the 
hearsal Barat ie efi eto and a Cue X Re- 
Siibiecis, nm interaction will result. 
Participated Pit Ss (14 males and 26 females) 
served as ty M e experiment. Participation 
Psychology Pau fulfillment of an introductory 
Signed adane requirement. The Ss were as- 
oan pi to the experimental conditions. | 
Were used a " Ju widterials. Only four-pair lists 
in the a e. periment, | The lists were formed 
different nai is those in Experiment I but with 
rocei n 
Peace i The procedure was the same as in 
structions to h with the necessary changes in in- 
run in gro A it the new condition. The Ss were 
ups of 4-8. 


RESULTS 


ene, uli et these two experiments are 
to analyz a order of the two methods used 
Sion xara i data (performance and intru- 
Wo ext ses) rather than in order of the 
RE er pr The reason for this 
‘ndings n oie the usual format is that the 
enient ; lake this presentation more con- 
and meaningful. 


Pert 
er, 
‘for mance Analyses 


s 1 shows performance in ter 
Ment on of correct responses for E 
he l and IL. 

We eh ja I. An analysis of variance 
ables arried out with two between-S vari- 
(list length and rehearsal condition) 


a 
efj,, Pe Within-S variable (cue). All maim 
For list length, 


> (‘8 Were significant. 
0) 2 60) = 60.35, P < 01; for cue, F (ly, 
eee p < .01; and for rehearsal, I 
ion ) = 23.60, p < .01. Thus, in a 
a the usual list length effect, both 
en nearsal effect and the intentiona 
le ing effect were well confirme . 
Was a] Critical Cue X Rehearsal interaction 
os. 150 significant, 7 (1, 60) = 32b p< 
he data indicate that the cue effect 


ms of 
xperi- 


Org, 
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TABLE 1 
PROPORTION OF CORRECT RESPONSES 


Experiment I 


ba a T 
Cue Experiment IL 


condition Eight-item list 


Four-item list 


x | xe |e | xe DR | NDR 


21 | .60 | .50 
16 | .50 | .50 


Only 


Both 135. 


39 30 
.50 


| 6 
.68 
L 


; NR =no rehearsal: 
DR - no differential 


Abbreviations: R = reheai 
ifferential rehearsal; and 


was stronger in the rehearsal condition than 
in the nonrehearsal condition. ]t should 
be noted, however, that the cue effect does 
exist in the nonrehearsal condition. A 
analysis showed this effect to be 
F (1, 30) = 7.69, p < .05. 

nificant result was the 
Rehearsal Condition X List Length inter- 
F (1, 60) = 7.02, p 2.05. Reg 
for the shorter lists. 


separate 
significant, 
The only other sig. 


action, 
hearsal helped more 
'This result can readily be accounted for. 
Since for both list lengths the rehearsal 
period is the same (3 sec)., the four-pair 
lists have twice as much rehearsal time per 
item as the eight-pair lists. "Therefore, 
rehearsal helps more for the shorter lists. 

Experiment II. The data from this ex- 
analysed using the planned 
The results yielded 
) = 2.002, p < 


periment were 
comparisons technique. 
a significant cue effect, ¢ (38 
05, one-tailed; and a significant Cue x 
Rehearsal Condition interaction, £ (38) = 
1.69, p <-05, one-tailed. The rehearsal 
condition did not have a significant effect, 
t (38) = 1.24, p > .10. Table 1 shows that 
the cue helped only when there was an 
opportunity for differential rehearsal. 


Intrusion A nalyses 
The types of incorrect responses 5s can 
make include omissions, words that did not 
ar in the list, or words that did appear 

of error we call 


SPD T inn 
in the list. The last type Ot we | 
intrusions. Intrusions constituted 557% of 
the incorrect responses in Experiment I, 


and 63% in Experiment IL 
An intrusion can come from the same 


sublist (set) that is tested, or from the 
other set. For example, if S is tested on 


- 
t2 


TABLE 2 


Proportion OF SAME SET (SS) AND DIFFERENT 
SET (DS) INTRUSIONS 


Experiment I 
Experiment II 
ee Pr stai 
Type Of | Four-item list | Eight-item list 
intrusion 
N DR | NDR 
R NR R NR | 
Only condition 
5S 33 29 2 29 ESI 39 
DS -33 | .28 | 21 | 26 | 319 | 35 
Both condition 
ue + 22 19 
SS .20 du eyl 24 22 2 
DS A0 ES 34 .32 ES 37 
: R = rehearsal; NR = no rel 
rehearsal; and 


al; 
NDR = no differential 
the fourth item (in 
responds with the wo 
his intrusion comes 


a four-item list) and 
rd from the third pair, 
from the Same set 


as 
the test. If he responds with the word 
from the first or Second item, the response 


is from a different set. 
Each S's intrusions 
classified into SS intrus 
DS intrusions (differen 
further classified in 
on Both trials 
trials. 


were counted and 
ions (same set) or 
t set), They were 
to intrusions that occur 
and those that occur on Only 


For each of the experimental con- 
ditions, Proportion of SS and of DS intru- 


sions out of the total number of errors in 
that condition were calculated. These 
Proportions are Presented in Table 2. Two- 
Way analyses of variance were performed on 
these data, with cue condition as a within-§ 
variable and rehearsal Condition as à be- 
tween-S variable, Separate analyses were 
performed on the two list lengths of Ex- 
periment I and Experiment IL. The data 
for two Ss in Experiment II were randomly 
discarded to create equ a conve- 
nience for the particular computer program 
used in the analyses. [n one set of analyses 
the proportion of SS intrusions was the 
dependent variable, and in the other set, 
the proportion of DS intrusions, 

In all six analyses (three experiments and 
two dependent measures) only the cue effect 
was significant (b < .05 in all cases). It 


al ns as 
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i i- 
can be seen from Table 2 that Only eon 
tions result in more SS intrusions 2: As 
DS intrusions than Both et ig sig- 
mentioned above, this was the ee amd 
nificant effect. The rehearsal el 2l not 
the Rehearsal X Cue x meer be Ten 
significant in any of the six ana n [^ did 
of the 12 Fs are less than 1 anc 
highest F, p> 0. EE TES 

A three-way analysis of variance ei 
carried out for each of the three = no 
ments, using type of intrusion (SS E^ cai 
as a third independent variable. ne tite 
be easily seen that the results. of th E 
vious analyses are contained in US he 
They were introduced to eet 
presentation. The three-way moni 
showed that type of intrusion interact the 
with the cue variable, which m in- 
fact that there are more DS than 4 the 
trusions in the Both conditions, an other 
opposite in the Only conditions. No 50 
interaction involving type of intrusior 
proached significance. 


is 
: in Table 2 i 
An important thing to note in oe SS 
the relation between the proportion 

and of 


nt 
DS intrusions across the meim 
combinations. In the four-item ame 
given that § makes an error from mea in- 
list, he has two opportunities for a P» the 
trusion and one for an SS intrusion. 2 afi 
eight-item lists, the numbers are vue 
three, respectively. Table 2 ag 
tendency to give more SS than DS e 
sions in the Only conditions, and more ns: 
than SS intrusions in the Both mul 
Furthermore, the ratio SS/DS for the hor 
conditions approaches 1/2 in the § 


sere. THESS 
lists ang 3/4 in the long lists. 
results do 


a 
i 


red 
. shearsé 
not interact with reheé 
condition, 
Discussion hile 
- á " wh 
In Experiment l it was expected that WT, 


the results mi 
€arsal effect f, 
Would be seen 
interaction. 
hearsa] effect w 
length, These results are confirmed 
Performance analysis of Experiment ke et 2" 
stand in direct contradiction to Shebils r intr 
(1971) and Epstein et al. (1972). Ou 


ght not show a differenti? ec 
9r the four-item lists, eon 
in the longer lists—a P id 

OWever, the differentia 


ver, ardless ‘a! '^7 
as significant regardle py the 
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E ata 
Ea iiie contradict Shebilske et al. In 
Bion, MBnend lists, even in the Both 
Ponens hod always more SS than 
E unt A do not know how to 
bility Pm docu discrepancies. The possi- 
study exists vad eem in the Shebilske et al. 
in the ed "i performance (about 60% 
B utu performance condition) was 


E uL e theirs. However, in the Epstein 
Nperiment a ceiling effect cannot ac- 


Coun p : 
ele n of interaction, since their 5s 
armed at about a 45% level 
and of iie iu as to the role of rehearsal 
Vided bs i Roto in the experiment is pro- 
orgetting MENU REN, Intentional 
[9 booten bus effects: the improvement 
à part of ie FA hen S is responsible for only 
Tom the TRF a and a decrease in intrusions 
Propriate con items as compared to the ap- 
that these wide Bjork (1970) has suggested 
decrease po e ena may be accounted for by 
re a interference. While the results 
Strong A deque e show that the cue has a 
sion error £ : on both performance and intru- 
Variable pee team the effect of the rehearsal 
Tong n ME different. Rehearsal has a 
the Beiter on performance but no effect on 
&cted p ra of intrusions. This is also re- 
differenti. the Rehearsal X Cue interaction; 
fire ee affects performance but 
sually n error pattern. 
have ^ed rehearsal is defined by letting S 
assum eee with no interpolated task. 
eated|y 5 ien is made that he rehearses, 
a y saying the items to himself sub- 
However, during this time for re- 
loved other processes might also be em- 
Ng aerial as organizing, categorizing, creat- 
th in + imag devices, etc. If one assumes 
li loc experiments S organizes the in- 
D (by b ing to the two sets that make up a 
trep, > tagging the items, storing them in dif- 
uH Shee I or any other procedure that 
longs) € him to know to which set an item 
E. Me the obtained pattern of results might 
Da a A cue will restrict the search set 
Toba bilge” increase performance on à mere 
jus brute ic basis. Furthermore, the pattern 
Iss Me when the cue is Both should be as 
t length S should be 1/2 or 3/4. according to 
de i 
ae in tact that rehearsal did notinteraa. ^ 
za $ Study ee analysis, indicates t Js 
duona Y rehearsal has no effect on the org? 
gin fee _ Whatever is happening 
S, it — time interval in the rehen s 
es not contribute to the organiza 


tep, 
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tion of the list into two sets. Rehearsal does, 
on the other hand, have a strong effect on per- 
formance. It increases performance, and this 
increase is greater for the Only conditions. 
One notion about the effect of rehearsal is 
to say that it increases item strength (or trace 
strength). If so, then differential rehearsal 
should be reflected in the intrusion pattern. 
Our results are inconsistent with this notion. 
Increasing item strength should give rela- 
tively more SS intrusions when it is done only 
on two items rather than on four (or four 
rather than eight). In other words, when the 
cue was Only and S failed to respond cor- 
rectly, he is left with one strong item and two 
weak ones in the rehearsal conditions as com- 
pared to three weak items in the nonrehearsal 
conditions. When the cue was Both, he has 
either three strong items or three weak items. 
If he makes his choice according to item 
strength, an interaction should be observed. 
The results show this does not happea. 
Another finding counter to the item strength 
om the number of intrusions in 


notion stems fr 
Percentage of in- 


the R and NR conditions. 
trusions of all incorrect responses should be 
higher if item strength increases and should, 
therefore, be higher for the rehearsal condi- 


tions. The observed data for the short lists 
in Experiment I was 55% and 59% for NR 
and R conditions, respectively, 55% and 53% 
for Experiment I long lists, and 66% and 60% 


for Experiment II. From these results we 
conclude that rehearsal does not increase item 
strength in this sense. 

It seems possible to 


account for most of our 
data with an alternative model. Suppose that 
S organizes the items into two groups. This 
ing can be done during input and is not 
pon postinput time. When there 
unity to rehearse he rehearses the 
which means that he rehearses 
This rehearsal discriminates 
of the TBR set, without in- 
ative strength. At output, 
s have an effect. The re- 
he cue and the 
he TBR items 
flects. The 


organiz 
dependent u 
is an opport 
TBR set, 

differentially. 
among the items 
creasing their rel 
the two processe 
striction of the search set by tl 
better discrimination between t 
ain the two main performance e 
earsal effect is explained by the 
ation is needed among half 
shen the cue is Only, and 
is Both, while 


expl 
differential reh 
fact that discrimin. 
the items in the i w en 

AM list items when the cue l 
is P i of time available for rehearsal is 
the same in the two conditions. When an _ 
correct answer has been given, it is Lei 
this discrimination “failed to work for S on 
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that specific trial. As a result of the cue, 
however, he will choose a response from the 
restricted search set, thus showing the ob- 
served pattern of intrusions. 

One observed result is not explained. In the 
nonrehearsal conditions the cue should affect 
performance because it restricts the search set. 
This effect occurs in Experiment I where per- 
formance is better in the Only conditions, even 
when rehearsal is prevented. But in Experi- 
ment II, where there is no opportunity for 
differential rehearsal, performance on Only and 
Both trials is almost exactly the same. Re- 
striction of the search set did affect the in- 
trusion pattern, but it should have been re- 
flected in performance also. It is tempting 
to say that Experiment II was a different 
situation, but except for this deviate result, 


all other data are essentially the same 


1 1 as in 
Experiment I. 


Whether this model is valid or not, and 


whether it applies to other experimental situa- 


tions, is conjecture at this point. Other models 
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could be developed to account for the results. 
One thing seems certain: Any model to ac 
count for these results should make a clear 
distinction between organization and rehearsal 
and between normal performance data and in- 
trusion data. 
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ACCURACY OF PSYCHOPHYSICAL JUDGMENTS AND 


U 


inve 


sion. 


curacy of discrimination. 


Dot m was designed to test the 
fuco: un ; iat the amplitude of the stimu- 
aticall es ene rate wave form is system- 
Bequert re ated to the accuracy of sub- 
experim psychophysical judgments. The 
study vgs was prompted by a recent 
sd heart rate (HR) and auditory 
n M acd by Bull and Lang (1972). 
the r to insure that their Ss attended 
B to stimuli, these investigators required 
each ae order. from highest to lowest 
Tevealed i c intensities presented. Analysis 
response that while the evoked heart rate 
stimulus E increased with increments 1n 
amplity ae as predicted, wave form 

ee also covaried with the accuracy 
imul; u us judgments. In effect, those 
adily which were discriminated most 
tones y a the largest H R responses; 
espite rich were confused with each other, 
H * repeated exposure, evoked small 
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igated in two separate experiments 
structed to discriminate pure tones vary! 
: The stimulus set in Experiment | consisted of five tone 
In Experiment II, five tones differing in frei 
studies, the difference between the initial accel 
deceleration of the cardiac wave form was foun 
tween stimuli on the basis of judgmental accuracy. 
tivity was recorded in Experiment IL and w 0 


PHYSIOLOGICAL RESPONSE AMPLITUDE! 


ROBERT J. GATCHEL axp PETER J. LANG? 


iversity of Wisconsin—Madison 


The effects of an auditory judgment task on physiological responding were 


The Ss in both studies were in- 
ng along a particular stimulus dimen- 
intensities. 


quency were presented. In both 
eratory peak and the subsequent 
d to reliably differentiate be- 
Cortical slow-wave ac- 


so found to covary with ac- 


'The present investigation included two 
separate experiments. The stimuli in Ex- 
I consisted of five different 


periment 
auditory intensities, as in Bull and Lang 
(1972). The subjective distances between 


the five tone levels were manipulated in 
order to make the two end points more 
easily discriminable than the center tones. 
It was predicted that the HR-evoked po- 
tential would be larger in amplitude to 
high-intensity than to low-intensity tones, 
and furthermore, that it would be relatively 
attenuated to center tones (which evoke 
more errors in psychophysical judgment) 
than to the well defined anchor stimuli. 
Furthermore, it was expected that the 
effects of stimulus judgment on heart rate 
would persist after the intensity response 
had habituated. Thus, the experiment 
represented an elfort to directly cross- 
validate the Bull and Lang (1972) results. 
It differed from the latter study in that 
the subjective distances between stimuli 
were more exaggerated, so as to show the 
effects of judgmental response on heart 
rate at an earlier stage 1, the stimulus 
series. Furthermore, à reaction time (RT) 
task was included along with the psycho- 
physical judgments in the Bull and Lang 
(1972) study ; this potentially confounding 
influence was eliminated in the present 


design- : 
In Experiment 
ditory freque! 


Again, the sti 
d so that the su 


II, Ss were asked to dis- 
acies rather than 
mulus series Was 
bjective distance 


criminate au 
intensities. 
manipulate! 
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3 stimuli and the audi- 

E oboe pé oi tones was 
E ur it was among the three center 
E There is no evidence that fre- 
E s in the middle of the audible range 
ws dee different evoked HR responses. 
bed was predicted that the distribution 
ak response amplitudes would be deter- 
mined solely by relative discrimin- 

ility of the stimuli. 

cs components of the ie us 
response were examined to Rx y e 
measure best related to psychophysica 
judgments. In addition to heart rate, 
slow-wave cortical activity was measured 
in Experiment II. Both Lacey and Lacey 
(1970) and Connor and Lang (1969) have 
shown parallels between these two physi- 
ological phenomena, i.e., cortical negativity 
tends to increase Just prior to the 1m- 
perative stimulus in the RT situation, 
coincident with cardiac slowing. Pilot 
work from this laboratory suggests that 
changes in cortical voltage level in the 
first few seconds after Stimulus onset may 


covary with the accuracy and reliability 
of psychophysical judgments, 


EXPERIMENT | 


Method 

Subjects. The sample consisted of 10 male under- 
graduate volunteers from the introductory psy- 
chology § Pool at the 


niversity of Wisconsin. 
Apparatus, Heart rate was continuously recorded 
throughout the experiment. Miniature Beckman 
Silver-silver chloride electrodes were attached to 
wn over the right and left anterolateral lower 
and an ear clip was fixed to the left car lobe 
to serve as ground, The HR signal was monitored 
by a Grass 5P4 EKG Preamplifier. The output 
from this Preamplifier was recorded on one channel 
ofa seven-channel Technical Measurement Corpora- 
tion Model 700/1400 series magnetic tape-recording 
system. Five of the remaining channels, one for 
each of the five stimulus tones, recorded à series of 
pulses, each preceding that particular stimulus onset 
as tags for later 


by 2.03 sec. These pulses served 
retrieval of the EKG data. 
The auditory stimulus wa. 
generated by a Hewlett Packard 200 CD 
The tone was amplified by a Scott Solid-St 
master 299-F amplifier with a 10-msec, rj 
termined by a ramp-control HS-17 electro 
A celluloid tape, used to control ITI 
interval) lengths, triggered a Space M 
photocell device at preselected intervals, 


š a 6-sec. 700-Hz. tone 
oscillator. 
ate Stereo- 
se time de- 
onic switch, 
(intertrial 
echanisms 
The photo- 
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3 ctronie digital timing 
cell, in turn, agtvated pn ions of the 
generator which transmit Fens, Before stimulus 
five tape-recorder channels 2.03 sec. losed the elec- 
onset. This timing generator then i presentation. 
tronic switch for the 6-sec. apis kar was used 
A five-position attenuator-ċħannel PA levels— 
to attenuate the tone to one of five n 1 bs Scale C of 
50, 70, 75, 80, or 100 db. as measured b dos 15516 
a General Radio sound level meter € 1 y m which tape 
The channel selector also determined the timing 
channel would receive the pulse from during the 
generator. The E changed the a stimulus 
experiment according to a semirando’ 
Presentation sequence. . h a twin pair 

The tones were transmitted through H side of 5: 
of Jensen speakers, one positioned en pas Judgment 
approximately 12 in. from each p of the 
responses were recorded on one S I keyboard 
Polygraph from a five- Witch Me Mea Each 
mounted on S's dominant-hand chair affected the 
key selected a different voltage which dad on the 
pulse heights when amplified and recorc 

»olygraph. — 
Duis Do The analogue EKG puil io a 
tained on FM magnetic tape were planen outed 
LINC-8 Digital Equipment Corporation successive 
programmed to measure the time BEES COR 
R-R (Response- Response) intervals nunt computer 
These data were later transferred to digita omputer 
tape for submission to a UNIVAC 1108 ently con- 
The interpulse interval data were sübsequens, ing 
Verted to a rate per second format, each ird it wae 
weighted by the Proportion of a second tha 
present. 

Response measurement, 
curves were obtained by 
and nine poststimulus 
of each tone intensi 


con- 


se 
HR responi 
yrestimult = 
! ntation 


Evoked 
averaging one 
conds over 10 pre 


igure 
within each ser a ec. 
isan idealized representation of the obtainec è 2 mad 
response wave form, Further analyses Ei taken 
based upon the following points of interes 
from these curves: 5.500! 
B = base line sample (average rate for 2.05 
prestimulus), NE" 
Di — slowest Second during the first 2 sec- 
stimulus onset, q with? 
4 = fastest Second subsequent to Dı an 
the first 5 sec. after stimulus onset. eighth 
Di = subsequent slowest second before the € 
Second after stimulus onset, 
Nine 


different 
component meg 
Sures were dey, 
represent deyj 

ifference Scor 
the wave form 
component ] 
tiow (1962) 


M. 
Also of interest were the B — D, and B — 


: i r 
sures, reflecting a cardiac deceleratory ti 


RHET too 
Graham and Clifton (1966) argue is assoc! 
attention, 


a 
mea 
v nd 


-igi 
- nati 
component and combi 


HEART RATE 


45 65 85 


SECONDS 


Pip " z 
1G. 1. Idealized representation of the 
evoked cardiac wave form. 


B 25 


Proce c 
c Bon Ph The Ss were seated in a comfortable 
ment Piel oe d soundproof room. The experi- 
Approximately 20 three stimulus series, cach lasting 
Detween d 20 m with a 5-min. rest period 
Presentations i series consisted of 50 tone 
random or i Aas F y level. A semi- 
Mean ITI ney presentation was employed with a 
Phe. e ed sec. and a range of 15-25 sec. 
De DFésented informed that a series of tones would 
Vary Pind in , one at a time, and that they would 
Judge the ss five intensity levels. He was told to 
to he intensity rank of each tone from 1 (lowest) 
(highest). He was also told that the very first 
Maie (e would be the lowest intensity. In 
rdered oe judgment, S pressed one of the five 
Were hot esponse keys following tone offset. The Ss 
O pres, encouraged to respond rapidly, but simply 
55 the key whenever they made their judgment. 


| Results 
eipdtmental errors. Figure 2 shows the dis- 
T tensi ion of judgmental errors across in- 
“sities for all trials. Trend analysis indi- 
CUrve no basic change in the form A n: 
educ. Ver series, although a significant 
‘erie, ‘on in total errors was indicated : 
S linear component, F (1, 9) ec 40.83, 
as The curve shape rr c 
inte in manipulating the discrimina "y 
ON Mie eS The three middle stimu" 
the fe ned the most judgmental errors; 
Stimyy °t errors were made to the extreme 
| Dui. This was confirmed by 2 large 
es K. Graham 
use of 


ateq 


Su 
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quadratic trend, F (1, 9) = 74.79, p < .001, 
accounting for 67% of the variance. There 
was also an unexpected significant quartic 
trend, F (1, 9) = 22.79, p < .001. This 
latter component accounted for only 24% 
of the variance, but it indicates a tendency 
for the middle intensity to be judged 
correctly somewhat more often than were 
Stimuli 2 and 4. 

Three orthogonal planned contrasts of 
means were performed on these judgmental 
errors. The null hypotheses of these three 


contrasts were: 
The average of Stimuli 
2, 3, and 4 = the aver- 
age of Stimuli 1 and 5. 


Contrast 1—Ho: 


Contrast 2—Ho: Stimulus 1 = Stimulus 


3. 


The average of Stimuli 
2 and 4 = Stimulus 3. 


Contrast 1 was significant, F (1,96) = 
72.03, p < .001, substantiating the trend 
of the anchor stimuli being judged correctly 
most often. Contrast 3 was also significant, 
F (1, 36) = 14.92, p < .001, verifying that 
the middle stimulus was judged correctly 
more often than Stimuli 2 and 4. There 
was no difference between Stimuli 1 and 5. 


Contrast 3—Ho: 


B 
è S 


Ww 
o 


RERCENT INCORRECT JUDGMENTS 
o 


1 2 3 4 5 
STIMULUS INTENSITY LEVEL 


Fic. 2 Percentage of incorrect judgments for 
each stimulus intensity level series 
(Stimulus 5 is the loudest tone). 


across all 
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RATE DIFFERENCE 
o 


75 5 15 25 35 45 55 65 75 85 


SECONDS 

Fic. 3. Second-by- 

response across Ss for 

intensity tones for S 
Second —.5. 


second averages of heart rate 
the highest, lowest, and middle 
eries IL—rate difference from 


Heart rate. Averages of th 
across Ss for the loudest, t} 
the middle tone, for Series 
in Figure 3. To facilit 
curves have been brought to a common 
level at .5 sec. prior to stimulus onset 

A trend analysis of the data for all tones 
over all series indicated significant linear 
through quartic trends across seconds, 
Fı (1,9) = 16.70, Fy (1,9) = 11.92, F; a 
9) = 17.58, F, (1,9) = 46.80, 

These trends confirm the tripha: 
of the cardiac Tesponse, which is shown 
graphically in the Series IT] data of Figure 
3. Each component was 4 signific 
of the wave form (initial decelera 
acceleration [4], and secondary 
tion [D;]). j 


Hypotheses we 
wave form comp 


€ HR response 
ne softest, and 
UI, are shown 
ate comparison, the 


all ps < 01. 
sic character 


ant aspect 
tion [D,], 
decelera- 


re tested by an 


alyzing the 
onent me 


‘asures presented 
TABLE 1 
MEAN HEART RATE (HR) Co. 
FOR EACH STIMUL JST 
ALL SER 


mpone; 
ats/minute) 


Stimulus | (be 
intensity 


nt measures 


level (in dp.) AY. em 
A-D: | A-~B | 

50 | 250 | 75 

70 200 | AQ 

75 | 1.60. | 55 

80 230 | ‘60 
100 | 430 140 | 


z | 
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in Table 1. As for the judgment bei 
three orthogonal planned Rane (In- 
means were performed. Contrast 5 
tensities 1 and 5 vs. 2, 3, and heart 
significant for the difference bet pul 
rate acceleration and s "ondary e 025; 
tion, A — Ds, F (1, 36) = 5.907, p " ulus 
the initial acceleration from the ees 
base, A — B, F (1, 36) = 6.347, p < ee 
and the combination of these two inr 
(A — Ds) + (A — B), F (1, 36) = sa Won 
P < .025. Thus, the main hypotese Ld 
Strongly supported : The two anchor = di 
clearly elicited larger responses tha 
middle tones, 


an 
a " in. ope ‘ rer the 
Stimulus 5 was significantly larg 


Stimulus 1 (Contrast 2) for the (4 4.136. 
+ (A — B) measure, F (1, 36) = » other 
P < .05, and nearly significant for ph t 
two measures. These Contrast 2 ttribu- 
reflect the intensity factor and are we 
table to the relatively large acceler: The 
responses evoked by the 100-db. tors tones 
test of differences between the middle 
was not significant. taa 150 
Analysis of the raw heart rate ‘or 2 
indicated significant linear, F (2, 1 
3.91, p< :05, and quadratic, F (^ 
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idi .05, Series X Seconds trends. 
Tm ir suggest that a change in wave 
ries. i iain over the three stimulus 
om E jen was the expected con- 
Eo rabituation to the high-in- 
EV To determine if either an 
B rotat o oy intensity-related effect re- 
c ctun end of the experiment, three 
On the oe pac of means were performed 
Eres = Lidia ave form component mea- 
wa Jed I alone. Only measure 
this ede a inr differentiated stimuli, 
FP. 36) arr. extracted by Contrast 1, 
VT PHP = 8.564, p < .01. These results 
sate that, as he overall analysi 
the twr a is in the overall analysis, 
bones Le vor stimuli elicited a larger 
DA ian the three center tones, with 
n n nem effent remaining for intensity. 
iai isa the means of this measure 
ne level. 


II 


IEXPERIA 
Method RIM 


Subj orig 
lee ae gt again consisted of 10 male 
Psycholog F volunteers from the introductory 
bia gy S pool. E 
tical ‘atlas In addition to heart rate, slow cor- 
experimen E continuously recorded during this 
Odes were us eckman silver-silver chloride elec- 
Or heart iS used for both measures. Electrode sites 
EEC el ipe were the same as in the previous study. 
the ene were positioned at the vertex and 
VG eren mastoid. A Grass Model SPI low-level 
time con mplifier, modified to introduce a 10-sec. 
the qz oo into the signal, was used to monitor 
fier was ' responses. The output from this preampli- 
tion tu recorded on one channel of the instrumenta- 
The Pe recorder, 

to dae ee pre entation 

Changed of Experiment l. 
l anq i both the five-position n 
l “Dpropri dial on the oscillator to the 
1,500 4, 700, 1,000, 1,100, 1,200, or 
z., according to the semirandom schedule of 
48 presentation. To correct intensity for fre- 
v E the middle tone was set for 65 m 
e or of S's head. The other tones were judge 
be-wi comparable intensity and were measure 
ithin 1 db. of 65 at the same location- The 
at floor 


Os 
Deakers 1 v H 
leve] kers were placed behind S's chair 


= 


apparatus was similar 
It differed in that E 
stimulus selector 


frequency 
ate frequency 


| Stimul 
Que 

QE CS 

“nE the 

to i 


to | 


The HR data were reduced in the 
Experiment I. . 
2o was programmed for evoked potential 
eries ur every 5, curves were averaged oy x 
level) or each of the five frequenc levels f 
feq and also averaged across | series fo 
luency level (30 trials /level)- Each aver- 


ch f 
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v 60 
E 
Z 
= 
= 50 
a 
2 
=| 
s 40 
Lu 
ae 
© 30 
o 
Z 
29 
Z [9] 
[9] 
a 
W 
a 10 
1 2 3 4 5 
STIMULUS FREQUENCY LEVEL 
Fic. 5. Percentage of incorrect judgments for 
across all series 


each stimulus frequency level 
(Stimulus 5 is the highest frequency). 


consisted of 300 data points dis- 
c. period, 2.03 sec. of which 
The 300 points were then 
lues (each the average 9 
a .5-sec. sample). 
Its and the 
d on the 


aged EEG curve 
tributed over a 1 
was prestimulus activity. 
collapsed into 20 data va 
15 points and, thus, representing 
These values were converted to microvo 
simplified curves were statistically analyze 


UNIVAC 1108 computer. 
d procedure. The pro- 


Response measurement an 
and response measurements were similar to 
The S was asked 


f five different 
The first tone 


cedure 
those of the previous experiment. 
to rank individual presentations ol 


frequencies from highest to lowest. 
presented was the lowest frequency. 


Results 

The statistical analyses 
judgment and heart rate d 
ment paralleled those proce 
in Experiment I. g 

Judgmental errors. Figure 5 shows the 
distribution of judgmental errors across 
frequencies for all trials. Trend analysis 
indicated no basic change in the form of this 
over series, although a significant 
total errors was indicated : 
ponent, F (1, 9) = 11:329, 
the curve shape indicates 


performed on the 
ata of this experi- 
dures utilized 


curve 
reduction in 
series linear com 
p< 01. Again, 
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success in manipulating the discriminability 
of frequencies. The fewest judgmental 
errors were made to the anchor stimuli; the 
most to the middle three stimuli. This was 
confirmed by a large quadratic trend, 
F (1, 9) = 50.24, p < .001, accounting for 
almost all the variance. 

Three orthogonal planned contrasts of 
means were performed on these judgmental 
errors. Contrast 1 (Stimuli 1 and 5 vs. 2 
3, and 4) was significant, F (1, 36) — 80.59, 
p « .001, substantiating the trend of the 
anchor stimuli being judged correctly most 
often. Contrast 3 (Stimuli 2 and 4 vs. 3) 
was also significant, F (1, 36) — 8.314, 
p < .01. However, unlike Experiment I, 
Stimuli 2 and 4 were judged correctly more 
often than the middle tone. As expected, 
there was no difference in error frequency 
between Stimuli 1 and 5. 

Heart rate. Averages of the | 
across Ss for the hig 
lowest, and the middle 
are shown in Figure 6. 
parison, the curvy 
common level 
onset. 


A trend analysis of the data for all tones 
across all series indicated significant linear 
; 


3 d 3 = 11.53, p < :001; quadratic, 
(1, 9) = 5.22, P < .05; and quartic, 
F (1,9) = 40.95, b « .001, 


IR response 
hest frequency, the 
tone, for Series IH, 


To facilitate com- 
es have been brought to a 


at .5 sec. prior to stimulus 


trends across 


— — 1500 Hz 
c 1100 Hz 
7 700Hz 


RATE DIFFERENCE 


75 5 15 25 35 45 55 6 


5 75 85 
SECONDS » 


Fic. 6. Second-by-second averages of 
response across Ss for the highest. 

middle frequency tones for Series [| I A 
from Second — 5, | 


heart rate 
lowest, and 
te difference 
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TABLE 2 


Meas HEART Rate (HR) Cowic 
FOR Eacu SriMULUS F 
ALL SERIES IN 


HR wave form component measures 
i | (beats/minute) 
Stimulus | 


frequency | 


rene, A =D) 
level (in Hz.) | ems | 4 BD) { (Tt —B) 
700 | 270 3.00 n 
1000 | 210 340 od 
1100 | 190 4.80 15 
1,200 2.25 3.20 5.00 
1,500 2.75 | 2.60 E 
Bu 


Seconds. Asin Experiment I, these rends 
reflect a triphasic cardiac response a- 
stimulus presentation. Component "The 
sure values are presented in Table 2. d 
two anchor stimuli, the two stimuli judge 
correctly most often, appear to elicit E 
largest magnitude heart rate responser 
Analysis of the measures by planned co 

trasts of means indicated that Contrast A 
was significant for the A — Ds ju. 
F (1, 36) = 4517, p < .05; the (A 2462, 
+ (A — B) measure, F (1, 36) = > » 0 
P < .05; and the combination measure 1e 
initial and secondary deceleration from y h 
Prestimulus base (B — Di + = pe. 
F (1,36) = 4387, p < 05. The first E 

results were present in Experiment l "e 
Support the main hypothesis: The "n 
anchor stimuli clearly elicited larger st 
sponses than the middle tones. The ory 
contrast result, a 


indexing a deceler 
trend, w 


wo? Was not present in Experiment a 
It indicates that the middle three t? 


we H i 
elicited more cardiac deceleration than 
anchor stimuli, 


Analysis of the raw heart rate data x 
cated no Series X Seconds trends a 
would Suggest a large change in wave ane 
Over series, However, planned conto " 
of means were performed on the care’, 
component measures for Series 111 on Auth 
Order to make direct comparisons “ain 
Experiment [. Contrast 1 was 48 


TE for the A e: Ds measure, 
36 


= 7.050, p — .025; the (4 — p =- 
(4 — B) measure, F (1, 36) = NUT 
01; and the (B — pj) 4 (B — D2) addi- 
Sure, F (1, 36) = 5.167, p < .05. In 2 
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p Contrast 3 (Stimuli 2 and 4 vs. 3) was 
eem for the two combination measures 
^ b Di) + (A — B), F (1, 36) = 4.905, 
36) PT (B — Di) as (B = Di), F (1, 
E. be : (p < .025. l'hese results indi- 
E rom ihe middle tone, which was judged 
fot a B most often, was associated with 
ave Í je smallest. magnitude heart rate 
tion um and the largest overall decelera- 
ES igure 7 plots the means of all three 
E for each frequency level. 

E slow-wave activity. Figure 8 
cunt i averaged slow-wave curves across 
E ict for each frequency level. The 
sl gros been brought to à common 
There is * Vae nor to stimulus onset. 
Bou riis bene of the CNV (con- 
scribed be tach variation) response de- 
ies s y Walter (1964), which suggests 
Ss did not perceive tone offset as a 


3 A-D 


1 
y OS pes re 

E [B-D;]+[B-D2] 

4 

2 


N 


BEATS/ MINUTE 
Co ol 


] 2 9 4 MH 
STIMULUS FREQUENCY LEVEL 


Mez n i 
uio cardiac component measures for each 
ulus frequency level for Series H1. 


CHANGE IN uV 


SECONDS 


Fic. 8. Cortical slow-wave response curves across 
series and Ss for the highest, lowest, and middle fre- 


quency tones. 


temporally fixed stimulus for responding. 
However, it is readily apparent that there 
is more overall negativity associated with 
the middle stimulus. A trend analysis on 
all data indicated significant linear, quad- 
ratic and cubic trends across seconds, 
Fi (i, 9) = 7450, F: (1, 9) — 10.321, 
F; (1,9) = 11.280, all ps < .025. Planned 
contrasts of means were performed on de- 
viation scores derived from this data. 
Differences between the prestimulus base 
level and the negativity score for each of 
the first eight poststimulus $-sec. intervals 
were obtained. The average of these eight 
deviation scores was the value used in the 
analysis. Contrast 1 (Stimuli 1 and 5 vs. 
2, 3, and 4) was significant, F (1:539). 
4.96, p < .05. indicating that more nega- 
tivity was elicited by the three middle tones. 

Analysis of the raw data indicated a near 
significant quadratic Series X Seconds 


trend, F (2 18) = 3.01, ? < .1, suggesting 
: shape over series. There- 


a change in wave 
fore planned contrasts of means were 

S ` " 
the deviation scores for 


performed on r 
Series IHI only. Again, only Contrast 1 was 


significant, F (i, 36) = 648, p i^ 2695, 
indicating asso- 
ciated with the 


judged tones. 
e re 


that more negativity was 
middle three, less accurately 
This finding parallels the 
sult, showing a relationship 
between physiological response amplitude 
and judgmental accuracy. However, un- 
like the heart rate data, the cortical slow 


heart rat 
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ave did not differentiate between the 
wav 
middle three tones. 


DISCUSSION 


The results of these two experiments € 

firm the main hypothesis: The PISIS al 
rate response amplitudes covaries wit 

mon discriminability of stimuli in a 
judgment task. When the difference between 
(pea rate acceleratory peak and the sub- 
sequent deceleratory. valley was used as ia 
index (Lang & Hnatiow, 1962), larger mar : 
tude responses were associated with the 25 
consistently identified anchor stimuli. he 
relatively small sample of Ss required to de- 
monstrate this phenomenon „attests to 
strength and statistical reliability. . 

As previously noted (Bull & Lang, 1972), 
tone intensity also determined res; 
tude in the first experiment. 
factor appeared to habituate o r 
by Series III only the discriminability of tones 
still modulated the heart rate wave form. 

In the second experiment, when stimuli were 
varied in frequency rather tha 
even closer parallel betw 


its 


Ponse ampli- 
However, this 
ver series, and 


slightly 
adjacent tones, 


This effect was noted during 
Series II, but n erall analysis. It 
finer grain of the 
heart rate relationship is 


s have considerable famili- 
arity with stimulus materials. 

The Psychophysiological significance of these 
results is not completely clear, In the Bull 


and Lang (1972) Study, a simple reaction time 


Posed on the judgment 
Sponse covaried with 
e same fa 


an overt respi 
process. This seems less like 


experiment, in which there 
and no encouragement to 
rapidly. 


The present data could mean that over 
trials and Series, well 


discriminated stimuli 
take on signal Properties, "That is, they be- 
come conditioned stimuli for Specific verbal- 
cognitive responses (e.g., highest and lowest), 


onse preparation 
ly in the present 
was no RT task 
make judgments 
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e awson, 
Thus, as in conditioning studies E 
1953; Geer, 1964), we observe an d From 
cardiac wave form to these signal ee found 
this perspective, the smaller wave x a simple 
for the middle tones could VSDRESED r prompt 
failure to respond. These tones E condis 
reliable judgments and thus [ges cie 
tioning of specific cardiac changes. hat, while 
Alternatively, it could be argued t ge bist 
the middle tones do not show as large „nificant 
all wave form, they do show a ac ES 
change in cardiac rate. F pi are 
largest components of these UM tter dis 
different from those obtained for Je xime 
criminated stimuli. In the second MEE 
deceleration from base line was T tones: 
greater for the least tune Iu Wilson 
This result is similar to the findings G cardiac 
and Duerfeldt (1967) in a study b n: their 
responsiveness to conflict. The Ss c of twa 
experiment were required to press - m light 
buttons, indicating whether a stimu jgnalee 
matched a training stimulus that sif 


ock 
i ike a no-sh 
clectric shock, or was more like a ns were 
light. More difficult discriminatio 

associ 


ion 
h " lerat! 
ated with greater secondary dece 


,y anf 
Graham and Clifton (1966) and Lace» 
L 


ing. In 
Wilson centr 
stimuli may have Prompted more con 


ater 
; u " eart rae 
attention from Ss and thus a slower oui did 
which the more readily identified sti p 
not demand. 


ři 
vestigators employed a less refined heart 
an in the present study. k 
for this reason the augmented acos d wit 
component of the wave form (associate? n k 
discrimination accuracy in our study) Wé 


invest 
: - : or inves” 
apparent in their data. Thus, further tw? 
gation w 


ill be needed to determine if Me b 
experiments are truly in harmony, or M à is 
differences jn the kinds of judge cee in 
used are Prompting interesting differe j 
the evoked heart rate response. tial arc 
or the slow EEG pae 2 
€ obtained for the ee stimuli 
ate components, It is the middle $U^ (y 


canti 
i i : ignific? 

“Xperiment [I which occasioned sig 969 
Sreater cortical ne 


alter 
gativity, and L gene pat 
argu Wr 
and others (Tecce, 1972) have h attention 
such Negativity is associated with atte 


nge 
E a conten) 
F urthermore, the absence of a N 


5 ] 
jer ee E in ry 
"sing negativity prior to responding ipat’ q 

PT is not antic! jate® 
argues that this increment is n likely rel 
of an overt response, but is more like!) 


| 
| 
| 


(X 
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i. EU perception of the tone stimulus itself. 
m ie A negative change has recently 
Their cage y Weerts and Lang (in press). 
tildtas os show ed that this phenomena habi- 
id: er trials on an RT task requiring no 
Stimulus judgments.* 

Seo i oslo the present data suggest close 
End cu qe specific physiolog al events 
cores ae responses to stimuli. The slow 
pm pais and particularly the evoked 
for ri wave form, appear to be good. tools 
aiid ie ad the discriminability of stimuli, 
e — also the certainty of Ss’ judg- 


1 i 
oo eye movement was also recorded during 
Boiling dros nae and the data were reduced 
Brune rough a Technical Measurements Cor- 
E aa of average transients. Apparatus 
measure S prevented the systematic analysis of this 
ever, ppm ross all experime al variables. How- 

average poststimulus wave form of the eye 


e 


Moveme: : 
qe n: response did parallel the overall average 
Pattern of poststimulus cortical negativity (CNV). 


Eius Werk will be needed to establish that the 
and dst shown here, between corti il events 
Gettin ee responses, is not mediated by 
a UR. movements. Results from our 
Teporte ry relevant to this methodological issue were 
>~ Ported by Weerts and Lang (in press). 
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EYE MOVEMENTS DURING VISUAL SE 


MEMORY SEARCH ! 


JOHN D. GOULD? 


IBM Research Center, Yo 


Nine Ss first fixated a set of 1,2 
acters and then scanned 12 comp: 


acters with visual nois 


acter. Time t 
vertical distan 


In visual search, studied long ago by 
Jastrow (1892) but more influentially by 
Neisser (e.g., Neisser, Novick, and Lazar, 
1963), Ss make a series of eye fixations dur- 
ing which they look for one or more target 
items on a display. These targets are 
memorized and have been variously referred 
to as the target set, the standard set, or the 
memory set. The § visually Searches until 
he finds a target or until he decides that no 
target is present, Thus, visual search js 
thought to be self-terminating, 

In memory search, which probably occurs 
during each eye fixation, Ss must compare 
the fixated item(s) with each of the stan- 

ard or memory set items to determine 
whether the fixated item matches one of 
them. Sternberg (1967, 1969) has inferred 
that memory search consists of two Succes- 
Sive stages: an encoding stage, in which 
the fixated item is coded into a mental 

! This research was supported 
at the IBM Research Cen 
New York, in 1969, 
Cook for help in d 


by and conducted 
ter, Yorktown Heights, 
The author thanks Louella 
‘ata collection and data analyses, 
The preparation of the Manuscript and some of the 
data analyses were accomplished with the Support of 
a National Institute of Mental Health Grant MH- 
07722 while the author was a Visiting Associate 
Professor in the Department of Psychology at 
Carnegie- Mellon University, 7 


ce from the previously fixated one. 


rkiown Heights, New York 


» 2, or 3 standard (memory) alphabetic char- 


arison characters for one that matched a 
Standard. Effects of Surrounding standard chara 


€ were also evaluated. Visu 
characters and upon 


cters and comparison char- 
al noise exerted independent 


ation durations, increased 
arison times were unaffected. 
aracters when Ss had to search 
theory would predict. Memory 
sively fixated comparison char- 
Facter was proportional to its 


in 
representation, and a comparison staga 
which the newly encoded item is empa y 
successively with each of the preno e 
encoded memory set items. Memory ne ey 
is thought to be serial and exhaustive, fe 
each fixated item is always exe Si 
compared with every item in memory, p, 
in the cases in Which the fixated ! 
matches a memory set item, pre- 

Although eye movements have beenii " 
viously recorded in visual search. bon 
(e-g., Gould, 1969, for a review; wi 
Carvellas, & Metlay, 1966; Williams, 19 th 
the present Study is the first to measure a- 
duration of fixations on each item Sef 
rately, hence Providing direct evidens 
about visual Search and memory sea Ss 
rates on an item by item basis. Lue ae 
Were shown a display of 1-3 standard est 
acters (see Figure 1). After fixating t ha d 
they then Searched 12 comparison " hat 
acters for a target (ie, a character was 
matched one of the standards). P ied 
assumed that records of fixation llow 
tions, unlike overall reaction times, Aime 
direct estimates of the processing each 
of each item in the standard set and 


li 
s ilary 
item in the Comparison set. Sim!? ^ 


S our pri 
Sequences of fixations and refixations n- 


$ te 
The author thanks yj : ; t S's at 
William Chase and Stephen Ellis for reading an ue basis for inferences about A 
earlier version of this manuscript and providing al sequence, . investi 
valuable suggestions, Mong the specific questions ura" 
* Requests for reprints Should be sent to John D. gated were the following. Will the riso 
Gould, IBM Research Center, P. O. Box 218, tion of fixations on individual compa ted 
Yorktown Heights, New York 10598. set items increase, as. would bé predi 
, 
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tions s ] : 
em x does it systematically speed up or 
n? 
E bein Does memory comparison 
k fue Bee constant throughout a series 
d eme. or does it undergo some 
atic change, e ré 7 

f atic change, e.g., gradually change 


Ti rj ? 
m serial to parallel? 
the comparison set characters are 


d noisy " : . à 
ci how will this affect eye fixations? 
parison set characters were made noisy 


bed of Nickerson (1966) and 
MA at m A vitem Ss look for more 
e mh and ard? Do Ss continually 
a aded ei comparison set item, 
EV — by others, or do they 
Eo pi oes encoding time remain 

throughout a series of eye fixa- 


Yy s d 
co tiges them with irrelevant char- 
Who Sinamay to Mackworth (1965), 
increased F ed that identification errors 
ternber ACER with such noise. 
that ibe ‘ S97) and ( hase (1969) found 
quired oen ed to an increase in time re- 
but E. icis a noisy (comparison) item 
Compare little or no effect on the time to 
This e he standard (memory) items. 
ixation : eads to the prediction of longer 
T" pone on noisy comparison 
Bein than on non-noisy comparison 
iene aed with these longer fixation dura- 

ho modia ting longer encoding times and 
cation of the memory search rate. 

Noisy jo standard characters are made 
lo Biss will this affect eye movements: 

Variable ous search study has assessed this 
around " “One possibility is that noise 
“round ne standard set items, unlike noise 
Eur e comparison set items, affects 
that T Search rate. T his would suggest 
Mental es comparison set items are 
ior t y encoded in a “pure” list or form 

dar © the comparison process, the stan- 
i Another possibility 
et items, analog- 
affects 
est 


bri in are not. 
US top mee in standard E : 
Only q Oise in comparison set items, 
that UN encoding. This would sugg 
Qnis pite representations are compared 
mory search. 


Nhat ; 
at is the rate of processing target and 


Non 
\ ta : : 
Neisse ot items in the comparison set? 
p the Ba (Neisser et al., 1963) has studied 
Whe processing rate of nontargets only, 
(1969) 


Teas d 
Sternberg and Scarborough 


ewgpz X P 


Fic. 1. A schematic stimulus. 


in their "simulated search" experiment 
were able to assess the processing rate of 
both targets and nontargets but only on 
positive trials. 

METHOD 


In the center of a stimulus, shown schematically 
in Figure 1, were 1, 2, or 3 alphabetic characters, 
called the standard set. Equally spaced on an 
imaginary circle, centered on the middle standard 
character and of radius 7.4? angular subtense, were 
12 comparison set alphabetic characters. The char- 
acters were computer generated and photographed 
as 35-mm. negative slides which resulted in white- 
on-black stimuli. When back projected on a screen 
in front of S, each character had an angular sub- 
tense of about 12’ at S's eye. The luminance of the 
background was about 1 mL. and the Juminance of 
the characters (which of course varied from char- 
acter to character and in the usual way across the 
screen) was about 10 mL. At any place on the 
screen, characters had roughly 10 times more lumi- 


than adjacent background. The standard 
hanged on 


nance j . 
set and comparison set characters were cha 
every stimulus. The nontarget comparison set 
a randomly generated. 


characters were 
Each of nine pa 
ite the stand 


id college 5s was instructed to 
ard set ch racter(s) and then 
the comparison characters, starting at the 
d moving clockwise. Each 5 
as fast as he could, subject to 
being accurate, comparison set character 
that matched a standard set character, i.e the 
target. There was always one target on a stimulus. 
Refixations were allowed. Upon fi nding the target, 
S pushed a button that caused a shutter to occlude 
the stimulus. He then indicated the target position 

iate number of fingers, 


by holding up the appropr! 
nd was given correct-answer feedback. 


first fixe 
to fixate 
12:00 position an 


instructed to find, 
the one 
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Standard set character (s) Were enhe, 5n eid 
embedded in the center of a pe a ia the 
Reve alphabets aa irrelevant alphabetic 
E. die The vertical subtense of each noise 
k idein lso about 12’. The vertical subtense 
pau ene was about 1°24’ and the vertic 
pes De grew about 2°36’. Noise 

se array was al 

Ep ioc ias one stimulus to another. 
ossa udi set items were also either not nee 
embedded in the center of a 5 x 5 matrix of m c- 
vant characters, or embedded in the canter, ol ie 
9 X 9 matrix of irrelevant characters, The target 
item could appear at any of the 12 clock positions 
i arison set. g 

% T d 324 conditions in this experiment 
(3 standard set sizes, 3 standard set noise levels, : 
comparison set noise levels, 12 target positions), and 
each S went through all of them over a period ol 5 
days. Each of the 27 conditions of main interest 

(standard set size, standard set noise, and com- 

parison set noise) was seen an equal number of 

times on each day. The variable of least interest, 
target position, was spread across days in a manner 
that was different for each S, On the first day, each 

S received four blocks, at Various target positions, 

of these 27 conditions. On each of the next 4 days, 

cach S received two more blocks of these 27 condi- 

tions at various different target positions, „Each S's 

subjective uncertainty as to target position was 

always 1/12 on every stimulus, Order of presenta- 
tion within a block was random. 

Overall reaction time was recorded on all d 
Eye movements were recorded on the | 
but, because of the amount of l 
results were analyzed on the | 

The design was so 
days, } of the 108 stir 
from the first three t; 
second three t. 
group of thre 


lays. 
ast 4 days 
abor involved, the 
ast 2 days only. 
arranged that, on the l 
muli that each 5 viewed 
arget positions 
arget positions, ete, 
e 5s on the last 2 d 
replication of the 324 different 
three groups of three 
replications, 

Eye movements w 
produced videotape 


ast 2 
were 
» 4 were from the 
The results of a 
ays provided one 
conditions. The 
Ss provided three such 


ere recorded with a system that 


id d records of the stimulus field 
and the positions of S's fixation within it, 


accomplished with a modified closed. 

vision, corneal-reflectance, cye-marker system akin 
to that developed by Mackworth and Mackworth 
(1958) and described Previously (Gould & Schaffer, 
1965). A television camera, securely Positioned 
above S's head, transmitted to a closed-circuit tele- 
vision monitor a picture of the Projected stimulus, 
Superimposed upon this picture on the Monitor was 


a small light spot or eye marker (about 1°) whose 
location corresponded to the position of fixation 


on the projected stimulus, To accomplish this, at 
the vidicon tube of the camera the virtual image, 
formed by the cornea, of a small light source Was 
optically superimposed on the image of the stimulus 
field. With S's head fixed in pla the position of 
this image was Proportional to the angle of devia- 
tion of the fovea from the Primary position, 


This was 
circuit tele- 
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an accuracy 
Eye movements were recorded to A eae 
sufficient to determine which pos teil Puno 
was looking at most directly wit i AEF of 
When all precautions are taken, i Eget vor 
recording is roughly 1°. I cg ag a calibra- 
showed that such refinements (e.g, ae n not 
tion matrix to correct the data of ar bip it aves 
required. When S fixated a noisy c ps he could 
theoretically possible, for e ample, 1 P ; briel eye 
sometimes make two separate, ong a git would 
fixations on different parts of it and fand c Finatioue 
be detected as one relatively long “bility to be 
Since recording accuracy refers to the a ot to the 
sure where a person i looking, and ee wou 
smallest movement possible, such movemet nomolies 
usually be detectable. Compared to Seer an 
in the data, they seemed to occur only "n ià from 
were ignored. The main anomoly Wa disappear 
time to time, the reflected light spot wou the same 
from the record and then reappear id at S hat 
character position. It was assumed tha r this 
closed his eye, «as the light 
fixation, this blink time plus the times included. 
Spot was in the character position were ally re- 
When a stimulus was first projected .5 is fixation 
quired some time to move his eye from "s include 
point to the standard set. This time was was not 
in overall search time results, of course, lee 
included in the times of fixating individua pa point 
Prior to the start of each trial, S fixated dard set 
a few degrees northeast of where the stand ay 
would be projected. 
necessary ca 
stimulus 


; ime foi 
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a code describing 
punched into an IBM card. 
peated for each 
resulting in 
processing 
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-movement parameter (c it meal 
ions on standard phare enr 
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calculating the average doing / 
r each trial and. then score? 
5 of variance on these 972 resulting ` 


a particular ey 
number of fixat 
duration ber fixation on 
Were obtained by 


that Parameter fo 
anal 


RESULTS tha" 
Errors. There were few errors E < 
176). An error occurred when ie 
the position of the target incorrec rvie 
Time scores. Only a general pai 
overall search times will be given; 


tra 
S ncen 
data and detailed analyses will co 
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Fic. 2. 
the comparison ch 
parison characters were 

hee movements. As can be seen in 
creased 2, overall visual search times 1n- 
Sound monotonia with target position 
Ol ot je clock, F (tt, 88) n 135.6, p < 
N62 similar to Neisser s (Neisser et al., 
3) finding of a linear increase 
Characters. 
Pa search times became longer when 
all eo annm characters were noisy ; OVer- 
evels a or the three comparison set noise 
Risin v es 4.93, 5.62, 5.82 sec. respec- 
Ure 2. i (2, 16) = 213.38, p < 001. Fig- 
toise leat combines the data for the two 
came i s shows that this difference be- 
Search ersastugy greater as Ss had to 
Positions are and more comparison item 
Con E .e. a significant Target Position 
(22, 170) rison Set Noise interaction, 
) = 2.36, p < .01. Results of eye 


mo 
Vvement z 5 pac ; 
tent analyses explain this interaction 


for lists 


Overall search times on 5 day 
aracters were not noisy 
noisy (broken curve). 


F 


asa function of target position when 
y (solid curve) and when the com- 


The widening spread in the curves, 


as Ss look at more and more 
aracters, was due to the fact 
ions were longer on noisy 
comparison characters than on non-noisy 
comparison characters. As more charac- 
ters of each type were fixated, the spread 
became greater. 

Overall search times increased when the 
standard set characters Were noisy also; 
overall means for the three standard set 
noise levels were 5.15, 5.50, and 5.71 sec., 
respectively ; F (2, 16) = 18.47, p < 001. 
However, as 


the eye-movement data will 
show, visual search r 


ate was unaffected by 

noise around the standard set characters. 

Overall search times increased signifi- 

cantly with the number of standards; Over- 

all means for the three standard set sizes 
were 4.31, 5.42, and 6.64 sec., respec 


below. 
which occurs 
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LAST TWO DAYS 


TOTAL- 
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COMPARISON SET 


SEARCH TIME (SEC) 


ON o- ~~ 
STANDARD SET 


l 2 3 
STANDARD SET SI ZE 


Time spent looking 
and comparison set ch 


F (2, 16) = 79.15, P «.001. As shown in 
Figure 3 the overall Search times on the 
last 2 days Were divided, on the basis of 
Sye-movement records, into the amount of 
time Ss spent looking at the Standard set 
and the amount of time Ss spent looking 
at the Comparison set, The time spent 
looking at Standard items (lowest curve) 
increased by about 550 msec. for each addi- 
tional Standard set item. This suggests 
that a constant amount of time was re- 
quired for encoding and remembering each 
standard character. The time spent look- 
ing at comparison set characters increased 
by about 600-650 msec. for each additional 
standard set item, This Suggests a sequen. 
tial memory search process of constant 
rate. On the average, there Were 5.5 com. 
parison characters that preceded the target 
character. If Ss fixated each of thes 
the target character once 
this suggests a Memory sear 
100 msec. per item, 


Fic. 3, at standard set 
aracters, 


Seen how- 
n comparison set 
about 50 msec. 
Thus, 
the order of visy 


per 
as described 


below, al search also 


ac- 
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-msec. 
counted for part of this apparent 100-mse' 
memory search rate. : ace about 10% 
The overall search times AUT duras 
greater than the sum of the: — set 
tions on standard set and compar ^ This 
characters (solid curve, unm A 
discrepancy is due to the fact ES rations 
search times include the fixation iin ra 
on the fixation point prior to S ep d 
eye initially, the travel times of ie ek 
and the infrequent occasions [ike " 
impossible to tell where S was loo " an 
Fixations on standard rig | ciate 
acters. Each § usually fixated eac dux 
dard with a single, separate eye e. 
Noise around either the standards à a di 
around the comparison set character The 
not cause refixations of standards. rd set 
number of refixations of the standar 3 
was affected by the number of x < 
present, however, F (2, 16) = os ability 
01. As shown in Figure 4, the pro tri 
of refixating the standard set during ( nem- 
increased 3% 38% as the standard (1 1 


"here were © 
ory) set size increased 1-3, There F 2 
refixations of the standard set on y 
stimuli that contained one standard, 5 and 
approximately 30, 62, 
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o om the left, center, and right 
am LE le a on the 324 stimuli 
explanatior "t ges standards. Thus, the 
visual Edd or gt qom of longer 
168d is e ese with increasing memory 
scanning pum npon this change in visual 
a re eran i Phis result is in con- 
Metlay ere o i Kaplan, Carvellas, and 
Bud of texte 3) be ho found, in a different 
eveen : "ca constant number of glances 
the sil : H set and a containing set when 
A set had 1—4 targets. 
eel Eo fixation duration on stan- 
nie eee ? oe Whereas the total 
creased si ones at the standard set in- 
above, b à standard set size, as reported 
standard d mau of eye fixations on each 
Erde trae tearensed as the number of stan- 
45.31 5 ems (see Figure 5), F (2, 16) = 
standard : Dik When there was one 
Meeg. Vi zanen durations averaged 600 
fixation oo there were three standards, 
0 page averaged 472, 431, and 
Standards, on the left, center, and right 
clude ke i vegpestivaly. These values in- 
each Arcata n of time needed to process 
qim ii set character and to prepare 
Pharacterg le eye to the comparison set 
ittle sms hey probably reflect very 
acters in ESTE of the comparison set char- 
acuity dua vision because (a) the 
Processin own for this. peripheral shape 
sufficient rd useful is reported to be 
E stesso * "einberg, 1949; Mandlebaum 
les is ] 47; W illiams, 1967), and (b) 
ixation ne selectivity in the subsequent 
Sequence on comparison set char- 


Cer, fs 
rs to indicate such processing had oc- 
found 


Curre, : 
Or ed. Such selectivity has been 
D shape processing (Gould & Dill, 


standard 
when the 


St; 

ind; 5 

dards were surrounded with noise than 
two noise con- 


The 
Set Ss durations of fixations on 
haracters were much longer 


Whe 

fies were noiseless; ae ie 

=~ 88.71 re combined in Figure 5, F e 2 

he fact "a < .001. Taken together W ith 

"ad ng s noise around the standard set 

comparig fect upon fixation durations O7 
Son set characters (discussed be- 


ow : 
» this suggests that noisy standard set 
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is on each standard 


as a function of standard set size when 
s were not noisy (soli 
(broken curve). 


FiG.5. Mean fixation duratior 
set character 
the standard set character: 
curve) and when they were noisy 


items, after encoding, are available in some 
"pure representation" for comparison. 

The durations of fixations on standards 
were not affected by noise around the 
comparison set characters. This suggests 
that the standard set and the comparison 


ere processed independently. 
rison items. The Ss 
first fixated the comparison character in 
the 12:00 position and, in general, then 
fixated each other comparison set character 
d only once, stopping when they 
target. Variation in the num- 

ons was primarily due to 
iin standard set size, F (2 16) = 
When there was one stan- 
there was about à 1 in 3 


ld look back at one 
comparison set item (Figure 4) "That is, 
there were 103 refixations on the 324 stimuli 
that contained one standard. As shown in 
Figure 4, when the standard set increased 
to three, there was a virtual certainty that 


set w 
Fixations on compa 


once an 
reached the 
ber of refixati 
variatior 
6.24, p < 01. 
dard set item 
chance that Ss wou 
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Fic. 6. 
curve) and non-noisy (solid curve) 
items as a function on stand 


n noisy (broken 
omparison set 
ard set size, 


one comparison ch 
ated on each 
refixations on 


aracter would be refix- 
stimulus. There were 331 
the comparison characters on 
the 324 Stimuli that contained three stan- 
dards. This indicates that refixations of 
comparison set Characters were à second 
reason for increased visual search time with 
an increase in memory load, 

Figure 4 also shows th 
characters were more lik 


than standard set characters, Refixations 
on the standard set Were probably required 
because S either did not attend carefully 
enough to the identity of these characters 
initially or else he Subsequently forgot their 
identity. The Sreater number of refixa- 
tions on the comparison set was partially 
due to (4) the presence of more comparison 
set items than Standard set items on the 
average stimulus, and (b) occasional look- 
ing back again after Completing a scan and 
not finding a target. [n addition, 


at comparison set 
ely to be refixated 


some 
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P MERE may 
refixations on comparison set ershootin? 
have been due to (a) the Sa d = fixating 
and (b) Ss’ lack of attention r l pem. 
an item originally because of rap 
scanning. rget 
The Ss sometimes scanned rex Thee 
character and then returned re fixa- 
were 57, 87, and 119 of these "ex for stan- 
tions on comparison set characters ectivelYs 
dard set sizes of 1, 2, and 3, beeps t char- 
Of all fixations on slag ge pee 
acters, 1,134 were on the 972 jntarget 
shown and 6,023 were on the r^ pon & 
comparison characters. Based ^ ad the 
the stimuli, 5,346 nontargets prece 
target characters, ion of eye 
Figure 6 plots the mean duratic a func 
fixations on the comparison set as un the 
tion of the number of characters ditions 
Standard set. The two noise bo. of eye 
are combined. The mean durations were 
fixations on comparison SNR when 
longer when they were noisy ur 
they were not noisy, F (2, 16) E fixa- 
P < .001. At each standard set Sif longer 
tion characters were about 150 led 
on noisy comparisons than on T effec 
comparison items, "That is, the mai! of the 
of noise was to raise the ipee sct the 
curve about 150 msec. but not to af d upo” 
slope of the curve, This result, base isten 
eye-movement re l 
with Sternberg's 
(1969) conclusions 
tion times, th 
coding 
Parison, 
on stand 
memory 
Parison o 
ture lists, 
of their n 


action time, is p 

(1967) and with oy reat 
; based upon cas ie 
at noise affects stimull co 
but does not affect uus dat? 
Taken together with ARE that 
ard set items, it also pam con" 
Comparison consists of a or A 
f two pure representation tipp? 

both of which have been $ 

oise during encoding. uration? 
As shown in Figure 6, fixation D ; abot 
9n comparison set items increased " T in the 
30-50 msec. for each additional ite! Lv n 
Standard set, 7 (2, 16) = 34.44, - $ É 
This slope is interpreted by > 1 nS 
(1967) 


arch rate: 
as the memory search 
incre; 


‘se in time is consistent virg 
berg's Serial memory scan mode 
as with some parallel models; r* 
Periment it is a third 
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Visi 
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Standard set size. 
pe radi the mean fixation durations 
Parison dic ge nisi position of the com- 
snad item are plotted as a function 
Which MR set size. | The top four curves, 
Compa rien the fixation durations on the 
:00, dU. set characters 1n the 12:00, 
atbitaa and 3:00 positions, have been 
Our Bn y raised 100 msec. The bottom 
tions ipd which are the fixation dura- 
8:00 945 comparison set characters in the 
LM 0, 10:00, and 11:00 positions, have 
Curves , been lowered 150 msec, The 
appear roughly parallel. The sig- 


On 
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(7:2) 
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t items at each clock position. 


atit suggests memory 


nificance of this is th 
the same on each 


is nearly 


search rate 

successive comparison set item. It does 

not, for example, change from serial to 
aparison 


S fixates additional con 
as would be suggested if the 


parallel as 
later clock positions had 


set characters, 
curves at the 
slopes near zero. 

Figure 7 shows anot 
ing. The (projected) interce 
curves are roughly the same. 
cates that as S fixates successive compari- 
son set items there is no systematic de- 
ye fixations, as Llewelyn-Thomas 
1963) reported for the scan- 


her important find- 
pts of the 12 
This indi- 


crease in e 
and Lansdown ( 
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Fic. 8. The relationship betwee 
distance to a character position 
position was fixated for each sta 


n the vertical 
and how long that 
ndard set size, 


ning of X rays, Likewise, 
tematic increase either. Based upon Stern- 
berg's (1967) and others’ models of item 
recognition, the intercept of each curve 
includes the time required to encode a 
fixated item, Thus, encoding time did not 
systematically increase or decrease through- 
out the series of eye fixations, 

There were some differences, 
among the projected inte 
These differences were 
counted for by the Ë 
separations of characters equally spaced 
around a circle are different. There were 
four categories of vertical separation (mid- 
point of one character from midpoint of 
character in previous position): Positions 
1, 6, 7, and 11 (.89); Positions 2, 5, and 8 
(2.59); Positions 3, 4, 9, and 10 (3.59) : and 
Position 12 (7.4? from midpoint of center 
Standard), Figure 8 plots the mean fixa- 
tion duration on Comparison set items as 
à function of each of these four separa- 
tions. The lowest curve, based upon a 
standard set size of one, shows a linear 
relationship between Mean fixation dura- 
tion on characters and the y, 
tion of their Position from the previous 
character position (d). The equation y — 
14.5 d+ 417 msec. accounts for 90%, of 
the variance among the fitted Points. This 
suggests that while § fixated one character 
he encoded information about the next 
character in proportion to its Vertical 


there is no Sys- 


however, 
rcepts of Figure 7. 
almost entirely ac- 
act that the vertical 


ertical Separa- 


sepa- 
ration from the one he Was fixating, This 
information could e either Positional, 
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justments 

which might reduce any ocular e 
required to bring the ds an. Bartz, 
clear view once it was fixated (c tric fea- 
1967), or it might be gross geome equired 
tures, which might reduce the ri sind 
amount of subsequent feature ege 
once the next character was fixated. E. 

This linear relationship was not s F E 
when Ss were matching om ay For 
items against two or three standard fitting 
two standards (Figure 8), the Ter the 
linear curve accounted for 9796 mint 
Variance among the four fitted nction 
whereas the best-fitting quadratic funera 
accounted forslightly more variance ( linear 
For three standards, the best-fitting iance 
function accounted for 87% of the p best- 
among the four fitted points, and ndm 
fitting quadratic function also acc 
for 87% of the variance. dard, 9 

This suggests that with one stan Arison 
can restrict his attention to the ng ee 
Set characters, whereas with two od anc 
standards the additional Bue. out 
other Processing requirements was 
this relationship. si ne B AO 

The slopes in the curves of Figures ease 
7 appear greater when standards ae in- 
Tom one to two than when standards rich 
creased from two to three, ‘Table b. “= 
shows the mean numbers and aT M 
fixations at each pattern position for 
Standard set size indicates that this 
due to a trade-off between fixation 
tions and numbers of eye fixations.’ 
there were one or two standards, - 
durations increased by about 50 | entr the 
number of fixations remained abor rds 
rame. When there were three stand: 
lowever, fixation durations increase wet 
about only 30 Msec., but now up in 
about 1075 more eye fixations. I raken 
Portant point is that if total time a rate 
as the criterion, then memory searc 


* The Weighted mean fixation durations © y calet" 
are about 50 msec. less than those obtaine mpariso" 
lating the mean fixation duration on EXE thes" 
characters on cach trial and then upon E 
means, as Presented above. This is so ly patte” 
can be seen in Table 1, some of the ear 
positions, 
fixated 


n are 

pan the he 
n Hu 

especially the 12:00 pou noi t 

On most trials are longer than $ 

frequently fixated positions. 


EY 


TABLE 1 


FIXATION DURATIONS 
MBER OF FIXATIONS (IN 
Each CHARACTER POSITION 
Ser Sizes or 1, 2, AN 


Number Standard set size 
of posi- ii S 
foe (4 
to be 1 2 3 
searched | 
— | 
Standard set Is mE 
Cic — | 3030348) 
Right 608 (326) | 474 (348) 
omparison set | 
1:00 $30 579 (342) | 58: 
2:00 30309) | 489 (313) | 514 
3:00 3(285) | 509(293) 
3:00 456(261) | 524(258) 
5:00 446(231) | 
6:00 436(198) | 512(205 
7:00 A15(177) | 469 (187) 
8:00 425(148) | 475(154) 
9:00 126) | 487(123) 
10:00 442( 92) | 508(108) 
11:00 4940 61) | 536( 78) 
Y : 3050 36) | 573( 46) 
Veighted mean aso RSS 
Uration on ` " 
Comparison set 


Note. <a Sa A 
74, 75 Mean number of fixations on comparis e 
tiva and 7.9, for standard set sizes of 1, 2, and 3, respec- 


Appears constant (cf. middle curve, Figure 
orde Table 1 shows, however, that a revised 
Tefixa of visual scanning, including more 
und and more extra fixations (de- 
n ved above), occurs with an increase in 
ca ndard set size. Nosimple serial memory- 
àn model portrays this. 
we nether or not the standard characters 
e noisy had no effect upon fixation dura- 
i» $ on comparison set characters. Mean 
Xation durations on comparison charac- 
a Were 551 msec. when standards were 
Wer noisy and 548 msec. when standards 
Sigve noisy. As mentioned above, this 
Ee that visual noise affects the en- 
Darin” times of standards but not the com- 
son times. 

Some informal analyses indicated that 
Ntext effects (of various different noise 
eq on various different standard 
Comparison characters) exerted a major 


nts, just as Neisser 


al search times. 


Co 


et "a upon eye movemen 
A. (1963) found for visu 
ES duration of fixation on pencil 
i dL characters (448 msec.) was - 
eed shorter than on target compan a 
ound (693 msec.), a result similar to UY 
previously for histoform patterns © 
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various complexities (Gould & Dill, 1969). 
ligure 9 shows that fixation durations on 
both targets and nontargets increased with 
increased standard set size. The curves are 
nearly parallel, which is consistent with 
Sternberg's (1967) interpretation. of ex- 
haustive memory scanning. 


DISCUSSION 

The finding that visual noise around com- 
parison items affects their encoding times but 
not their comparison times replicates previous 
work (Chase, 1969; Sternberg, 1967), but the 
findings (a) that the same result occurs for 
standard set items and (b) that noise exerts 
independent effects upon standard (memory) 
items and upon comparison items extend previ- 
ous understanding. Memory search rate is not 
affected by visual noise around either stan- 
dards or around comparison characters.‘ 
course, it would have been possible for noise 
around the standard characters, for example, 
to have affected memory search rate even 
though noise around the comparison set did 
not. It appears that on structured displays 
such as used here, Ss eventually extract and 
retain (albeit perhaps briefly) the same infor- 
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mation from noisy items as they do from mie 
less items. They compare two pure repres P 
tations. In a less structured task di Te "d 
which each noiseless item is not fixate s 
vidually, such as occurs in real-life me m 
spection applications (e.g., Harris, 196 à t 
onard & Gould, 1973), the effect of noise in P 
probably be to reduce the size of the usefu 
field of view and hence increase the number 
of eye fixations rather than increase the dura- 
tions of eye fixations. 


At microlevel, the present study extends 
Sternberg's (1967) memory search findings in 


three ways: (a) from a singly presented com- 
parison character t. 


parison item is viewed. 


Memory search rate, as defined by Sternberg 
(1967) and as measured by fixation durations 
on comparison characters, is about 30-50 msec. 
per item. Itis not affected much by t 
ber of comparison items th 
ously fixated. This finding 
by previous results on me 
doubtful, however, that th 
of increased overall searcl 
crease in memory load 


he num- 
at Ss have previ- 
might be predicted 
mory search. Itis 
e other main causes 
h times with an in- 


reater proba- 
get character, 


predicted, erhaps one 


aha (1969), who measured 
overall reaction time, found an apparent in- 
crease in memory search rate y 


of displayed ite 
in some Cases 
fixation on mul 


Ms increased 1-4 was because 
Ss than one eye 


s and in other 


ased 
is constant at 
» Whereas 
changes with in- 
Suggests two dif- 
one hand, the pro- 
Search might be 
Upon Memory set size, 


' 18 Inconsistent with 
1969) theory, 


action times 


Y Set size 
ferent Possibilities. On the 
"esses underlying memory. 
different depending 
This, of Course 
berg's (1967, 
hand, the proc 


f: e but the more 
frequent eye fixations that were found when 
the standard set Was three Merely indicates 
that S did not have the Standard set well 
memorized. That is, he Sometimes scanned 
past the target, ang he made More Tefixations 
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arison 
on both the standard set and the comparisor 
i The linear. relationship between. Ee 
duration on a character and its ie ode 
ration from the previously fixated iion that 
indicates that the amount of — ds 
Ss encode about a character fixated pe Dom. 
ally is proportional to its von le - 
peripheral encoding is probably m pe eye 
aiding the positional accuracy of the j S rH 
fixation or reducing the number of geo ded 
features that must be subsequently your 
Íoveally. Yet it is powerful enough ia ee 2 
encoding times by about 100 msec. e 
range of 7°. There is a perfect, oe 
rank-order correlation between the v d ed 
and horizontal Separations of two ean 
characters, and thus it seems that the MGR Eee 
Separation is dominant over the cem e 
one. Thiscan be accounted for by the Chai ihe 
Corbin, and Volkman (1962) finding that scal 
useful field of view is not as great in the peit 
direction as in the horizontal direction. aoe 
Fixation durations on target characters ve A 
about 250 msec, longer than on nontarget ee? 
acters. Since the target character was US HIS 
the last one fixated on a stimulus, much of pac 
difference might be attributed to ir 
Preparation and Tesponse bias because, on id 
average, there Were about five times more ne zs 
targets present, However, monotonic die. 
ing functions relating the duration of an e 
fixation (Gould & Dill, 1969) or overall ES 
tion time (Nickerson, 1967) to the number Pe 
Scometric features that two patterns have his 
common have been found. These results pe 
gesta self-terminating feature-comparison pee 
(Nickerson, however, found that sits 
er than different judgme? 
i that differed on just © 


ation 
other hand, the fixation cem 
igure 8 àre consistent with Mer 
69) exhaustive memory $c ro- 
"hus, two comparison ped 
en described: a self-te cess 
' within" comparison prose 
a fixated pattern with a 
pattern, and a ine E 
austive comparison presse 
! with each memory set i 
? between these two agent 
ogically simple, is by no eee to 8 
haviorally Clear. Perhaps each fa, Dondetis 
different class of stimuli (cf. Bindra, 


> both 

"v are c^ 
& Nishisato, 1968). Perhaps they à : 
ongoing, 


jy a 
uate!) 
but no present model adeq 


Telationshi 
though | 


| 


[3 


f 
» 


counts for them. Recently, Dumas (1972) 
has also noted unit- and [cature-comparison 


processes. 

The present study is not relevant to an issue 
that several recent experiments have addressed, 
namely Sternberg's (1967) serial exhaustive 
ation of processing several items at 
once vs. Neisser's (Neisser et al., 1963) parallel 
processing findings. The present study is not 
germane because under the conditions of (a) 
little practice, (b) different standard sets on 
each trial, and (c) very low error rates, people 
cannot process several items as fast as one 
item (Metlay, Sokoloff, & Kaplan, 1970; Wat- 
tenbarger, 1969). 

The number of refixations that occurred 
(less than one per stimulus) suggest, in the 
absence of data, that Ss probably do not 
refixate very frequently in search tasks in 
which they are instructed not to look back 
(e.g., Neisser et al., 1963). 
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A TWO-PROCESS THEORY FOR THE SHORT-TERM 


RETENTION OF MOTOR RESPONSES ! 


JOHN L. 


CRAFT? 


Wartburg College 


A formal model of short-term motor memory w; 
executed one linear movement of a constant, st. 
movement was executed either prior to or followin 


time interval was interpolated either 
ments or following both movements. 


was to be recalled either after both had be 
either movement was executed (Experiment Il). 
interfering effect of one movement upor 
time of completion of the second movem 


relative degree of interfe 
between memory 
interference was greater th 
ing of the recall requiremen 
of response at recall. 


The present study was directed at the 
development and empirical test of 
retical formulation concerned 
short-term memory ( 
responses. The pres 
to incorporate two n 
and interference, in 


a theo- 
with the 
STM) of simple motor 
ent research attempted 
nechanisms, trace decay 
to à two-process theory 
of motor STM. The model presented is 
conceptually related to a two-process 
theory of motor STM advanced by Pepper 
and Herman (1970), but is Somewhat more 
formal. 


Previous studies have shown that move- 


i xecuted either prior to 
or following the executi i 


Williams, Beaver, Spence, & Rundell, 
1969). Studies by Craft and Hinson 
quer inrichs 


1 This research w: 
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gy, W artburg College, 


rence is determined 
trace establishment and trace 
an proactive interference 
tdid not produce different) 


as tested. On every trial, S 
andard length. An interfering 
g the standard. A variable 
between the execution of both move- 
The Ss were informed which movement 
en executed (Experiment I) or before 
Results indicated that the 
n the recall of another occurs at the 
ent, rather than at recall, and that the 
by the amount of elapsed time 
interference. Retroactive 
and precuing and postcu- 
ial magnitudes or patterns 


further demonstrated that retroactive 10- 
terference (RI) effects are greater than pro- 
active interference (PI) effects. 
Interference effects in motor STM have . 
also been shown to be a function of the spe 
cific similarity between motor responses: k 
Pepper and Herman (1970) found that 
interpolated forces, greater in magnitude 
than a criterion force, produced recall O 
larger forces than did interpolated force? 
smaller than the criterion. Herman an 
Bailey (1970) replicated this finding for 
interpolated forces, but failed to observe * 
similar effect when gre n 
tude forces Preceded the criterion force 
Stelmach (1969b) varied the absolute dif- 
ference between four prior lever responso 
and a criterion response and found a direc 
relationship between mean absolute differ" 
ence and recall error of the criterion. HoW- 
ever, directional error trends as a function 
9! response similarity could not be assess” 
because the prior movements were a MIX 
ture of responses both shorter than an 
longer than the criterion. Craft i 
Hinrichs (1971) did observe direction? 
error trends as a function of the similarity 
between two motor responses. Their dam 
indicated that as the similarity between a 
Standard and an interfering movement edd 
creased, error at recall of the br 
movement increased in the direction of t 
length of the interfering movement. 
196 


PI 


ater or lesser mag 
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Pepper and Herman (1970) incorporated 
both trace decay and interference features 
into their model to account for RI effects. 
They hypothesize that interference occurs 
during the retention interval in the form 
of an alteration of the original memory 
trace. The present model assumes a similar 
interference mechanism and is designed to 
account for both RI and PI effects. The 
major aspects of the present model are con- 
tained in the following set of assumptions. 

An accurate memory trace or internal 
representation of the intensity of a motor 
response is initially stored, but is subject 
to decay over time. Assuming a one to 
one correspondence between trace intensity 
and representation of response extent, the 
decay occurs along the dimension of in- 
tensity of the response in the direction of 
lesser extent. The memory traces, Tı and 
Ta, produced by two movements, M; and 
Ms, are assumed to decay independently as 
an exponential function of time. 

Two alternative loci of interference can 
be assumed. In one case it can be assumed 
that the traces produced by the two move- 
ments will both be available at the moment 
of recall. In this case, interference effects 
of M, on recall of Ma or of Me on 
recall of Ma occur at recall in the form 
of memory trace alteration. In the other 
case, interference effects of Mı on recall of 
Ma, or of M» on recall of Mı, are assumed 
to occur following the completion of Me 
rather than at the moment of recall. 

The degree of interference of one move- 
ment upon recall of another will be deter- 
mined by the relative weighting of the two 
trace intensities at the moment of trace 
alteration. In a general form, the magni- 
tude of response (L) at recall can be ex- 
pressed as 


where T; represents the intensity of the M 
traces at recall and w; represents the rela- 
tive weighting of the traces. The present 
research is mainly concerned with the 
effects of the variable time (t) on inter- 
ference effects at recall. Other potential 
factors that might affect the weightings are 


assumed to remain constant across varia- 
tions in f. Two alternative forms of the 
weighting assumption can be stated. In 
one case, the js are assumed to be inde- 
pendent of time. In the other case, the 
wy s are assumed to be an inverse function 
of time. 

From this general model for L, three 
specific models can be derived by combin- 
ing the two alternative loci of interference 
assumptions and the two alternative trace- 
weighting assumptions. Model 1 assumes 
that the wjs are independent of time an 
that interference occurs at the moment of 
recall (R). This model suggests the mag- 
nitude of L at recall will be a simple 
weighted average of the trace intensities 
at the moment of trace alteration, inde- 
pendent of the locus of the trace alteration 
(at Me vs. R). Model 2 assumes that the 
ws are inversely related to time and that 
interference occurs at the moment of recall. 
Since interference is assumed to occur at 
recall for this model, both the Mi — R and 
M; — R intervals are relevant factors in 
determining the relative weightings. Model 
3 assumes that interference occurs at Mz 
and that w, is the only weighting which 1s 


a function of time. This model predicts 


that the magnitude of L at recall will be 
ties, 


a weighted average of the trace intensi 
but the only relevant time interval deter- 
mining the weightings is the Mi — Me 


interval. 


The present study was designed to test 


these three alternative models. The Ss’ 
task was to execute two blind movemen 
of controlled length and to, recall ber 
the movemen ts. On every trial, d a 

one movement of a constant, ge - 2 
length. The other movement, Ce ne a 
an interfering (1) movement, was oe 
either prior to oF following the € 
On each trial, 5 attempted to reca, n 
standard movement. Variables manipu- 
lated were (a) the length of the interfering 
movement, either the same, shorter, OF 
longer than the standard; (b) the locus 
of the interfering movement, either prior 
to or following the standard; and (c) the 
locus of a variable time interval (At), either 
following the execution of both movements 
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or interpolated between the execution of 
fi 7 nts." 

geek of predictions were made 
for ech of the two loci of interfering move- 
ment conditions. Those experimen tal con- 
ditions in which the interfering mov ennt 
follows the standard are referred to as 
poststandard conditions, and those in which 
the interfering movement precedes the 
standard are referred to as prestandard 
conditions. 

The major interest in the present study 
was to determine how the slope of the 
function relating Ls (recall of the standard) 
to length of I changes as a function of the 
time manipulation, At. The slope of the 
function relating Ls to length of I is inter- 
preted as reflecting the magnitude of inter- 
ference produced by I at the moment of 
trace alteration on the recall of S. For 
each of the two loci of | conditions (post- 
standard and prestandard), specific predic- 
tions of the relative slope of this function 
were made based on the assumptions of 
each model? For each model, the slope of 
the Ls function was derived from the y 
of the Ls function 
alteration. 

The poststandard conditions c. 
represented as three distinct t 
S-I-R, S-I-At-R, and S-A-I-R 
notation, A, B, and C. Model 1 predicts 
that the order of the slopes of the function 
relating Ls to I will be A = C » B; Model 
AG > A S B: and Model 3,C > A = B. 
The Prestandard conditions can be repre- 
sented as 1-S-R, I-S-Al-R, and 1-At-S-R 
trials, or D, E, and F. Model 1 predicts 
that the ordering of the slopes will be D > 


E = F; Model ZES>Ds F; and Model 
3,D=E SF, 


In summary, the m 
present study was to 
slope of the function p 
of I changes a 


alue 
at the moment of trace 


an now be 
ypes of trials, 
» or in simpler 


s to length 
he time ma- 

est of a dif. 
ference in slope of the Ls function for any 
two conditions was the Significance of the 
interaction between those two conditions 
and length of I. A Prediction of equality 
* The detailed equations 


and mathematica] slope 
derivations for each model 


are given in Craft (1971), 


CRAFT 


of slope for any two conditions was saei 
to mean that the interaction between these 
two conditions and length of I would not 
be statistically significant. The ouse ar 
tion of specific interactions and TELET 
pattern of slope magnitudes within "e 
of the two loci of I conditions determine 

the degree of support for each of the sepa- 


i : ated into 
rate sets of assumptions incorporated it 
the three models. 


METHOD 


Subjects. The Ss were 84 right-handed female 
enrolled in the introductory psychology courses : 
the University of Iowa. freee 

Apparatus. The apparatus consisted of two od 
moving 5-cm. square. Plexiglas blocks reped d 
a wooden meter stick, One block could be loc E 
in place by E to define the length of the standart 
or interfering length. The other block had a = 
for fingertip grasping and was moved by 5 Ss 
Present the standard or interfering lengths or id 
indicate S's response at recall, The apparatus bn 
placed on a table parallel to the coronal plane, bis 
the direction of S's movement being from left s 
right. The S was blindfolded to ensure that he 
responding was not based on visual cues. sti 

‘perimental design. The variables pasion 
(all. within S) were: paradigm (S-I-R. or 1-5- i 
length of 1 (24, 34, 44, 54 and Qi cm.), and inter 
polated interval (0 sec. and 20 sec. between Mi e 
Ma, and 20 see, between M, and R). Thus, the Ex 
paradigm-interya] combinations were S-I-R, * | 
IER, S-1-20-R, 1-5-R, 1-20-S-R, and [-S-20-R. pany 
5 performed on one block of 30 trials. For each E 
the six paradigm-interva] combinations, a standare 
length of 44 cm, Was paired with each of the B 
lengths of 1, On each trial, S was asked to reper” 
the length of the standard. The 42 Ss in gapen 
ment I were not informed until the time of Ea 
which movement was to be repeated. The 42 27 
in Experiment II were informed both prior to p 
following the Movements which one was to be ie 
peated, Furthermore, S was not informed that ps 
Same length (the standard) would be presented sli 
cach trial. The assignment of length of 1 to pum 
Successive Occurrence of a particular paradigh 
interval combination was random for each 5. —. "T 

Procedure, On all trials, S heard the followi! " 
tape-recorded Sequence of commands: bu es 
"move one," "return," "move two," PUE 
"repeat" (either “one” or "two"), and "return en S 
disengage,” Upon hearing the command ngae 
S grasped the knob and waited for the first “mo 


command. At the "move" 
structed to « 


command, .5 Ner ds 
r smoothly move your block down ped 
slide, to your right, until your movement is Ware 
by the other block.” The S held her block at ad. 
stop until the command "return" was pen 
The S then returned her block to the starting DOSE 


] 
man 
> : y return 
tion. Following the second “move” and 
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commands, S heard either “repeat one" or "repeat 
two" which “will be a signal to repeat the length of 
your first or second movement, respectively." At 
the “return and disengage” command, S returned 
her block and removed her hand from the apparatus 
until the next "engage" command. The interval 
between the “disengage” command on one trial and 
the “engage” command on the next was 15 sec. 
For S-I-R and -S-R. trials, the interval between 
cach command within a sequence was 5 sec. On 
1-S-20-R and S- 20-R trials, the interva between 
the "return" command following the second move- 
ment and the "repeat" command was increased 
5-25 sec. On 1-20-S-R and S-20-I-R trials, the 
interval between the "return" command following 


the first movement and the “move two" command 
The S was not permitted 
apparatus during a 
given prior to the 


was increased 5-25 sec. 
to remove her hand from the 
trial. Four practice trials were 
test block of trials. 


RESULTS 

Since the predictions made from each 
model presupposed a linear relationship be- 
tween Ls and length of 1, the data ob- 
tained for each of the six conditions were 
subjected to trend analyses testing linear, 
quadratic, and cubic components. For 
each condition, the trend analyses involved 
the use of orthogonal polynomials to obtain 
linear, quadratic, and cubic comparison 
values for individual S’s data. 'The mean 
of these comparison values was tested 
against the value of zero for each of the 
three trends. The linear trend component 
was significant ($ < .01) for all conditions 
except 1-20-S-R, and all other trends were 
nonsignificant. 

Since predictions from the models were 
made separately for the poststandard and 
prestandard conditions, analyses of vari- 
ance were carried out separately for these 
two loci of I conditions. Magnitude of 
response at recall of the standard (Ls) as 
a function of length of I for each of the 
three poststandard conditions in Experi- 
ment I is presented in the top half of 
Figure 1. Figure 1 shows that Ls increases 
as length of I increases for each of the three 
poststandard conditions. Separate analy- 
ses of variance indicated that length of I 
was a significant effect (p < .025) for each 
condition. 

An analysis involving only S-20-I-R 
and S-I-20-R trials revealed a significant 
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Fic. 1. 
the poststandard condi- 


recall of the standard for 
tions of Experiments I and II. 


rval interac- 
lope of the 
ater 


(p < .05) Length of I X Inte 
tion. Figure 1 shows that the s 
function relating Ls to length of Iis gre 
for S-20-I-R than for S.]-20-R trials. Al- 
though the slope of this function appears 
to be greater for S.20-I-R than for >- 
trials, this apparent interaction Was not 
borne out by statistical analysis (p > 05). 
Similarly, when only the S-I-R and Sit 
20-R trials were subjected to analysts a 
significant Length of I X Interval interac- 
tion was not observed. Though the only 
clear statistical difference in slopes is 9-794 
LR > S-I-20-R, in terms of trends, the 
ordering of the slopes appears to be slope 
for S-20-I-R > S-I-R = S.I-20-R; OF m 
simpler notation, C>A=B. 
Magnitude of response at recal 
standard (Zs) for each of the three 
standard conditions in Experiment | is pre- 
sented in the top half of Figure 2. Figure 2 
shows that Ls increases as length of 
increases for the 1-S-R and ]-S-20-R con 
ditions, but not for the ]-20-S-R condition. 


| of the 
pre- 
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46|- EXPERIMENT I 


Ls (in cm) 


45 - EXPERIMENT zt 
44 


43 


Tr. a 
4l 
40 


39, 


24 34 44 54 64 
LENGTH OF INTERFERING MOVEMENT (cm ) 
Fic. 2 Mean Magnitude of response (Ls) at 


recall of the standard for the Prestandard condi- 
tions of Experiments I and II. 


Separate analyses of variance revealed that 
length of I was à significant Source of 
variance for the I-S-R and I-S-20-R condi- 


tions (p < -001), but not for the 1-20-S-R 
condition, 


An analysis involving 
1-20-S-R trials revealed 
of IX Interval 


only [.S.R and 
a significant Length 


interaction (b < .001). 
Figure 2 shows that the slope of the fune- 


tion relating Ls to length of | is greater 
for I-S-R than for 1-20-S-R trials. When 
only 1-S-20-R and 1-20.S.j trials were 
subjected to an; YSIS, a significan, Length 
of Ix Interval interaction Was also oly. 
served (p < -001). Note in Figure 2 that 
the slope of the function relating Ls to 
length of I is greater for I-S-20-R trials 
than for 1-20.S. trials. This] 

sis also indicated that mean Ls was greater 
for 1-20-S-R trials than for 135-5 

(44.3 vs. 43.6 cm., 5 « Q5). A 
involving only I.S. and 1-S-20. 
indicated that the Length of ly | 
interaction was not Significant, 
Was greater on [-S-R than on 
trials (44.2 vs, 43.6 CMs b se 05). Based 
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on the outcome of the "eee nee 
as well as observed trends, then, as pet 
ing of the slopes for the PY pr s 
ditions is slope of Ls for 1-S-R = I-S-2 


> 1-20-S-R. Using the simpler notation, 
D=E>F, 


Although no predictions were pow we 
the models with respect to dif wed 
across locus of | conditions, an Savant 
analysis was carried out. A oh 
Locus of | X Length of | Wings. PU 
($ < .05) indicated that the slope A. ed 
function relating Ls to length of lis em for 
for the poststandard conditions koe, 
the prestandard conditions. In adc or for 
<s Was significantly (b < .001) greate lar 
the prestandard than for the poststandé 
conditions (44.1 VS. 43.0 cm.). hat 

Results of Experiment | suggest ne 
Model 3 is the most appropriate of ant 
three alternative models for the deme 
experimental. situation. The precio 
generated from Model 3 with respect re 
the Ordering of slope magnitudes je 
clearly confirmed in the prestandard "m 
ditions, but only partially confirmed in 
Poststandard conditions. Ex- 

Experiment IL was a replication of g^ 
periment |, With the added feature that e- 
Were precued as to the response es 
ment at recall, Craft and Hinrichs (1 i S5 
Observed that response variance was oe 
when Ss were precued than when. e 
Were postcued, If Precuing is MN 
reducing response variance without Por 
ducing differences in response pattern in 
Magnitude, then the apparent difference ns 
Slope for S-20-I-R and S.].R pep 
Shown in Figure 1 might also be borne ride 
by Statistica] analysis, and thus prov 
unequivocal Support for Model 3. dise 

The Tesults of Experiment II ae 
Played jn the bottom halves of Aceon 
and 2, Except for a few minor oe A 
cies, response magnitude and pattern yeri- 
essentially the Same in the two n ob- 
ments. In terms of the petes i edic 
Served, the results exactly paralleled. in 2 
of Experiment l. However, i opt t 
the response requirement at recall ducing 
Periment [| Was not effective in ss jJ ob- 
the response variance below the leve 
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INTERFERENCE AND DECAY IN MOTOR STM 


served in Experiment I. Hence, the ap- 
parent difference in slope of the Ls function 
for S-20-I-R. and S-I-R trials shown in 
Figure 1 still eluded statistical confirma- 
tion, suggesting that the failure to confirm 
this difference might be a problem of in- 
sufficient statistical power. Therefore, al- 
though Experiments | and l1 were con- 
ducted as separate experiments, it was 
decided that an analysis of the combined 
data of the two experiments would be in- 
formative. An analysis of the combined 
data involving only the S-20-1-R and S-1-R 
conditions now revealed a significant (p< 
025) Length of 1 X Interval interaction. 
"Taken together, the results of the combined 
data analyses within both the poststandard 
and prestandard conditions offer unequiv- 
ocable support for the predictions made 
based on the assumptions of Model 3. 


DISCUSSION 


The results of the present study provide 
evidence that Model 3 is the most appropriate 
of the three alternative models as a conceptual 
framework for the present experimental situa- 
tion. Results indicate that the interfering 
effect of one movement upon the recall of 
another occurs at the time of completion of 
the second. movement, rather than at recall. 
Furthermore, the relative degree of interfer- 
ence is determined by the amount of elapsed 
time between trace establishment and trace 
alteration. These findings suggest that the 
only relevant time interval in determining the 
relative degree of interference of one movement 
Upon recall of another is the interval be 


tween 
the two movements. 


The time interval be- 
tween the second movement and recall of the 
standard appears only to affect the 
Magnitude of response at recall 
tude decreasing as the inte 

The poststand 
study 
tions. 


overall 
» With magni- 
rval increases. 

ard conditions in the present 
can be considered as a set of RI condi- 
Similarly, the prestand. 
can be considered as a se 
Using these terms, then, the results of the 
present study can be interpreted as RI in- 
creasing and PI decreasing when a A is inter- 
polated between Mi and Ms, and no increase 
in PI or decrease in RI whe 
polated between Mz and R 
Ekstrand (1967) : 
decreases when 
separated by 


ard conditions 
t of PI conditions. 


n à At is inter- 
Underwood and 
have demonstrated that PI 
aie verbal tasks are 

e Interval and attribute the 
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reduction of PV to an increase Yn et Whe 
tiation. However, the finding that an increase 
in the Ms — R interval did not produce a cor- 
responding increase in PI or decrease in RI r 
contrary to one of the hypotheses of classica 
interference theory for the long-term iem 
of verbal materials. According to classica 
interference theory (e.g. Keppel, 1968), Pl 
should increase and RI should decrease as the 
retention interval increases. This hypothesis 
is based on the umption that interference 
occurs at recall, rather than during the reten- 
tion interval, and is similar to Model 2 pre- 
sented in the present study. 

Herman and Bailey (1970) concluded, on 
the basis of their findings, that while RI 
effects in motor STM are readily apparent, 1 I 
effects in motor STM are, at best, weak. The 
present study, however, demonstrated uay " 
interfering movement may act both proactiv ely 
and retroactively in producing interference 
with recall of a standard movement, but s 
RI is a more potent source of interference ke. 
a motor response than is PI. In other worc 5 
the magnitude of interference produced by pr 
motor response upon recall of another ts de- 
pendent upon the sequential order of the bes 
responses. This finding is also in erpina 
agreement with studies of verbal ST M, w € 
it has been observed that PI effects are o 
lesser magnitude than are RI effects (e.g. 
Postman, 1964, p. 160; Wickelgren, 1966). 

Results of the present study also replicate 
previous findings that response inenten 
effects in motor STM follow a dimension E 
length similarity between motor responses 
(Craft X Hinrichs, 1971; Patrick, 1971). ^ 
was observed in the present study that the 
longer or shorter the interfering length, the 
greater the change in response magnitude 
toward the length of the interfering movie. 
This directional biasing effect may be related 
conceptually to the classical data on time 
error, which indicated that a standard trace 
is “assimilated” to or toward an interpolated 
stimulus (Woodworth & Schlosberg, 1954, P- 
229). The inverse relationship between simi- 
larity and interference effects for motor STM 
is at variance with findings in verbal STM, 
where interference has been shown to be a 
direct function of the similarity of verbal ma- 
terials (e.g., Kintsch, 1970). ` 

Another important finding of the present 
study was that there were no major differences 


SS 


in the results of Experiments I and II. The 
remarkable 


nitude of res 


milarity in both pattern and mag- 
onse across experiments supports 
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and extends the similar finding of Craft and 
Hinrichs (1971) that the locus of cuing of the 
required response at recall does not appear to 
be a relevant variable in motor STM. This 
lack of difference between precuing and post- 
cuing of the required response is also at vari- 
ance with results of studies of verbal STM, 
where precuing of the Tesponse order required 
at recall typically leads to better recall per- 
formance than does postcuing (e.g., Hinrichs, 
1968). 
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ACIT IMPLICATIONS OF SENTENCES! 


MARCIA K. JOHNSON; JOHN D. BRANSFORD, ann SUSAN K. SOLOMON 


State University of New 


York at Stony Brook 


The present study investigated the nature of the information that is available 


to Ss 


when they have comprehended linguistic materials. 


The Ss were read 


a set of acquisition stories and later asked to recognize which of a set of test 


sentence 
“recogn 


novel sentences which 


^ they had actually heard in the stories. The Ss were likely to 
i expressi 


ed information consonant with 


implications of the material presented during acquisition. 


The present experiment was based on the assump- 
tion that comprehension involves inferential think- 
ing. For example, a study by Bransford, Barclay, 
and Franks (1971) indicated that information about 
Spatial relationships implied but not explicitly stated 
in linguistic inputs is available to Ss on a later 
recognition task. However, comprehending many 
types of information may include more than know 
edge about the spatial relations among objects. For 
example, Ss may also make inferences about the 
objects which might be involved in certain relations, 
and about the consequences suggested by certain 
relations. The present study asked whether Ss 
were likely to think they heard information based 
on such inferences. 

: Two ck s of items were investigated. 
items were like those previously studied by Kintseh 
(1972). Kintsch presented Ss with sentences like 
THe MAN WAS SHOT and asked them to specify 
additional information that seemed to be true about 
the sentences. His Ss indicated that the man must 
be shot by omething (ie., there must be some 
instrument for carrying out the action, to use Fill- 
More's, 1968, term), and most assumed that 
thing” would bea gun. Type B items e 
Some consequence of the action d 
uk nov HIT THE BASEBALL AND W 
FLEW INTO THE PICTURE 
One probable 
Shattered. 
Were then 


Type A 


some- 
ich suggested 


CHED A 
WINDOW IN THE HOUSE. 
consequence is that the window 
The Ss heard stories of both types and 
| presented with a recognition test where 
Some items contained information that 
true by implication (e.g., that a gun was used to 
Shoot the man in Type A situations, that the 
Window shattered in Type B situations) 
, Method. The experiment consi: 
tion phase and a recognition phase 
and control groups received the s 
list and differed with respe 
For both groups, the 
of 20 short (two 


was only 


ed of an acquisi- 

Experimental 
me recognition 
ct to the acquisition list. 


acquisition list. consisted 
or three sentences) descriptive 


! This re 
he 
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stories. Eight of these were identical in both ex- 
perimental and control lists and were filler items 
which were of no interest in the analysis. For the 
experimental group, the remaining 12 stories were 
inference stori There were 6 Type A stories in 
which an object was implied and 6 Type B stories, 
each of which suggested some probable consequence. 
For the control group, the same 12 inference story 
frames were used, but in each case either a preposi- 
tional phrase or a verb phrase was changed. Thus, 
for the control group no object was implied or the 
implied object was different in Type A stories, and 
the probable consequence of the action was changed 
in Type B stories. 

The recognition list consisted of 38 sentences. 
The first 2 sentences were filler sentences included 
to give Ss an opportunity to adjust to the recogni- 
tion task and to get used to the pacing. „The re- 
maining 36 sentences included three categories—old, 
unrelated, and inference. Old sentences were 
identical to those used in the stories of both groups. 
Unrelated sentences involved elements from the 
acquisition stories, but were inconsistent with the 
information conveyed by the stories. Inference 
sentences were not identical to the acquisition 
sentences for either experimental or control groups, 
but were potentially true by implication for ex- 
perimental Ss. "Ll i 

Three examples of each type of acquisition story 
are given below. with the changes made for the 
control group given in parentheses and ne oe 
sponding inference recognition item giv en i de 

Type A: (a) JOHN WAS TRYING TO FIX 1 THE 
HOUS He WAS POUNDING (LOOKING FOR) VHS 
NAIL WHEN HIS FATHER CAME OUT TO WATCH HIM 
AND TO HELP HIM DO THE WORK. John seas using the 
hammer to fix the bird house sehen his father came out 
to watch him and to help him do the work. (b) Tue 
FARMERS MUST BE WARNED OF THE ONCOMING FLOOD, 
THE SHERIFF CRIED. HE Mot D (PHONED) AS 
QUICKLY ; IBLE SINCE HE KNEW THAT IT WOULD 
TAKE QUITE A WHILE TO SPREAD ALL THE NEWS. 
The sheriff mounted his horse as quickly as pi 
since he knew that it would take quite a while to spread 
all the news. (c) Iv was 7:00 ON. MONDAY MOR? 
AND THE MAN DROVE (WALKED) TO WORK. IT W 
A BEAUTIFUL DAY, AND HE REALLY ENJOYED THE 
trip. It was 7:00 on Monday morning and the man 
took his car to work. 


B 


TABLE 1 


Mean NUMBER Or Yes RESPONSES DURING RECOGNITION 


Recognition item 


GERE Old Inference 
(10 sentences) (12 sentences) 
Experimental 6.65 7.45 
Goer 6.93 2.60 


Type B: (a) WHEN THE MAN ENTERED THE 
KITCHEN HE SLIPPED ON A WET SPOT AND DROPPED 
(JUST MISSED) THE DELICATE GLASS PITCHER ON THE 
FLOOR. THE PITCHER WAS VERY EXPENSIVE, AND 
EVERYONE WATCHED THE EVENT WITH HORROR. 
When the man entered the kitchen he slipped on a wel 
spot and broke the delicate glass pitcher when it fell 
on the floor. (b) IT WAS LATE AT NIGHT WHEN THE 
PHONE RANG AND A VOICE GAVE A FRANTIC CRY. 
THE SPY THREW (PULLED) THE SECRET DOCUMENT 
INTO (FROM) THE FIREPLACE JUST IN TIME, SINCE 
30 SECONDS LONGER WOULD HAVE BEEN TOO LATE. 
The spy burned the secret document just in time since 
30 seconds longer would have been too late. (c) Tue 
RIVER WAS NARROW. A BEAVER HIT THE LOG THAT 
A TURTLE WAS SITTING ON (BESIDE) AND THE LOG 
FLIPPED OVER FROM THE SHOCK. THE TURTLE Was 
VERY SURPRISED BY THE EVENT. A beaver hit the 
log and knocked the turtle into the water. 
For both experimental and control Ss the same 
ordering of the 20 acquisition stories was used. 
The order was random with the restriction that the 
acquisition list begin and end with a filler story. 
The recognition sentences were randomized in 
blocks of the three categories (old, unrelated, and 
inference). Due to an error in making up the con- 
trol acquisition list, two recognition sentences which 
should have been old for these Ss were not (one each 
from Type A and Type B stories). Therefore, the 
corresponding recognition sentences in the experi- 
mental group were ignored when the data were 
scored. Consequently, for both experimental and 
control groups, the analysis of the recognition per- 
formance was based on 10 old sentences, 12 unre- 
lated sentences, and 12 inference sentences. 
Experimental Ss were tested in two group sessions, 
as were control Ss. The Ss were told to listen care- 
fully to the descriptive stories and that they would 
be asked questions about them later, The acqui- 
ition list was read once by E at a normal re; 
rate. There were 


ading 
approximately 2 sec. between 
stories, during which E announced "next story.” 


The retention interval was 3 min. During this time, 
paper was distributed, Ss numbered the page 1-38, 
and the following recognition instructions were read: 


Now I'm going to read you some sentences. 
please indicate whether or not it is 
of the stories you heard. 


For each one, 
an actual sentence from 
If you think the sentence was 
exactly as you heard it in one of the stories write yes; if you 
think the sentence was not from one of the stories, or is not 
exactly in the same words as you heard it in one of the stories, 
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ii sei e 
write no. Please give a yes or no answer for each Benes 
even if you feel you have to guess. There will not a lys 
between sentences, so please make your judgments q 


The test sentences were read at a 10-sec. rate. . 

The experiment was initially conducted with high 
school student volunteers and was later replicated 
with introductory psychology students at the mes 
University of New York at Stony Brook. Protocols 
from 10 Ss in each of the four testing sessions were 
randomly selected to equalize ns. 

Results. In a preliminary analysis of the data, 
type of S (high school or college student) was not m 
significant variable in any comparison. In addition, 
the results reported below held for both S popil 
tions independently. Therefore, the data from both 
populations were combined in the following analyses. 

Experimental and control Ss did not differ in ma 
number of yes responses to unrelated items; E: 
means were .70 and .45, respectively (F < x 
Table 1 shows the mean number of yes repond 
for old and inference recognition items. The Con : 
tion X Type of Item interaction was significant, 
F (1,38) = 27.86, p < .001. This interaction cS 
flects the fact that the experimental and contro 
Ss did not differ on old items (F < 1), whereas the 
experimental Ss were much more likely than Es 
control Ss to say yes to the inference items, F (1, x 
= 49.73, p < .001. The absolute number of y 
responding yes was higher in the experimental um 
control condition for all 12 inference recognitio! 
items, 

Discussion. "These results are consistent with EE 
notion that an S's understanding depends not n is 
on what he hears, but on the implications of E 
information in light of relevant knowledge he alreac : 
possesses. The Ss were likely to think that anton, 
tion available only by implication was actua 
given during the acquisition task. On the ae 
of the present procedures one cannot determine 
whether such impl | e 
acquisition Or whether they were determined pe 
recognition. The general conditions under which in 
ferences are made is a question for future ee et 
Also of interest are the processes by which Ss de. 
information; these may involve acts of inference Sy 
well. Consider, for example, the inference HE 
Sentence WHEN THE MAN ENTERED THE KITCHEN 


PPED ON ;LICATE 
SLIPPED ON A WET spor AND BROKE THE DELICA 
GLASS FLOOR. 


PITCHER WHEN IT FELL ON THE i 
Control Ss could 1 sentence becaus 


s Nave rejected thi aa 
their understanding of the situation included ? " 
intact rather than. broken pitcher, or because they 
Temembered that the pitcher was on the floor 
whereas the verb TO FALL implied that it M 
initially above the floor. Perhaps the ease (e£ m 4 
Feaction time task) with which an S can accept an 

reject information would provide more precise 10- 
formation about the state of his knowledge [cave 
comprehension, The major point of the prese? 

article is that slight changes in inputs can result m 
large. difference; in the ideas communicated, in- 
cluding the implications that. may be derived. 


ications were actually realize 


gue 
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EFFECT OF INDUCED MUSCLE T 


RE 


HELEN C. BEH! anp C3 


ENSION ON ACQUISITION AND 


NTION OF VERBAL MATERIAL 


AROLE A. HAWKINS 


University of Sydney, Sydney, New South Wales, Australia 


The effect of induced muscle tension on the acquisition and retention of a serial 
list of 12 disyllabic words was studied, using four groups of Ss either learning 


and recalling under tension, learning under tension and recalling under rela 


tion, learning under rela 
recalling under relaxation. 
require significantly fewer trials to learn 


" 


«ation and recalling under tension, or learning and 
The Ss learning under tension were found to 


the list to a criterion of one errorless 


trial, although no significant difference was found between Ss learning under 


tension and Ss learning under relaxation 


in terms of the number of errors made 


in reaching the learning criterion. No difference was found between tension and 


relaxation groups in terms of errors durir 


ng a recall task 10 min. after training, 


although groups learning under tension demonstrated significantly better 
recall 1 wk. after training. Tension during recall was found to have no signifi- 
cant effect on recall either 10 min. or 1 wk. after training. 


Early studies of the effects of experime: 
duced muscle tension (IMT) on the acqui 
verbal material indicate that moderate IMT during 
training results in increased efficiency of learning, 
whether such efficiency is measured in terms of 
trials to criterion (Bills, 1927) or errors after a 
given number of training trials (Bills, 1927; Courts, 
1939; Stauffacher, 1937). A more recent. study, 
however, presents evidence that groups trained 
during either IMT or muscular relaxation (MR) do 
not differ significantly in terms of errors made im- 
mediately following a single training trial (Bourne, 
1955). 

Similarly conflicting evidence is found when find- 
ings from studies of the effect of differing degrees of 
muscle tension during training on retention of 
verbal material are considered. Bills (1927), for 
example, reported that [MT-trained Ss demon- 
strated superior retention when tested 3 hr. after 
the training period, while Stauffacher (1937) found 
no difference in retention between IMT- and MR- 
trained groups after a 24-hr. training-test interval. 
Bourne (1955) also reported no difference between 
such groups for training-test intervals of up to 4 min, 
The study by Bourne, in fact, suggests that the level 
of muscle tension existing during the recall (test) 
period affects recall, rather than the level of tension 
during training, although Stauffacher reported that 
IMT during recall did not significantly affect 24-hr. 
recall, and Uehling and Sprinkle (1968) present 
findings in agreement with those of Stauffache 

On the whole, the effects of IMT during training 
on learning efficiency and later retention and the 
effect of IMT during recall appear not to have been 
clearly determined. Accordingly, the present study 
was designed as a further test of the effects of: (a) 
IMT on the efficiency of acquisition of verba] 
material, (5) IMT during training on the retention 

of verbal material, and (c) [MT during recall on the 
recall of verbal material. 


! Requests for reprints should be sent to Helen C. Beh, 
Department of Psycholog of Sydney, Iney, 


2006, New South Wales, 


ustralia, 
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Method. Sixty undergratuate students from an 
introductory course in psychology at the University 
of Sydney acted as Fifteen Ss were randomly 
assigned to each of four cells ofa 2 x 2 factorial 
design. "The four groups of Ss underwent a serial 
verbal learning task, and recall trials 10 min. after 
learning the list (to a criterion of one errorless trial) 
and 1 wk. later. The groups differed according to 
whether the acquisition and recall trials took 
place under conditions of IMT or MR as follows: 
Group 1 (acquisition IM T-recall IMT); Group 2 
(acquisition IM T-recall MR); Group 3 (acquisition 
MR-recall IMT); and Group 4 (acquisition MR- 
recall MR). 

The Ss were seated in a sound-reduced room 
separated from E and the apparatus, Stimuli were 
recorded on a Hanimex tape recorder and delivered 
to S via headphones. A hand dynamometer was 
attached to the left arm of S's chair. Activity of the 
forearm flexor muscles Was continuously recorde 
for each S via silver-silver chloride disc electrodes 
attached to the left forearm after preparation with 
conducting gel, Recordings were made on a Grass 
HID polygraph set to record. at a paper speed O 
1.5 cm/sec and calibrated at 25 ma 1-cm. pen 
deflection, An automatic switching device rewounc 
the tape after each presentation of the list and re- 
started it 60 sec. after the previous presentation hae 
ceased. An ear plug attached to the output channel 


of the tape recorder permitted E to monitor stimulus 
presentations, 


The stimuli consisted of the 
words chosen on the ba 


(Heisse, 1965): xvi 
EXPRESS, HUSBAND, 


following 12 disyllabic 
of their low polarity values 
, STUDENT, OFFICE, EFFECT, 
RECORD, PRODUCT, SPIRIT, 
NOTICE, MORNING, RESULT. ‘There was a 2-8¢C: 
interval between stimulus presentations. " 
Upon entering the laboratory, each .S was 1n- 
structed that the task entailed learning a serial list 
of 12 words. The S was then seated in an armchair 
in the sound-reduced room, and headphones and 
electromyogram (EMG) electrodes were fitted. 
Further instructions were relayed to S via an inter- 


T 


* ut 


TABLE 1 


s , ERRORS 
san T S AND EÈ RS IO CRITERION AND MEAN 
MEAN ERINES bx a AND IW. RECALL 


| 
| : Errors at ors at 
| Trials to | Errors to TOi. 1-wk. 
Grown criterion | criterion | "mie Ear 


8.1 343 10o | 
8.0 34.0 17 | 
9.6 | ALS RJ 
9.7 | 40.0 E 


tension; MR 
ives condition 
condition during recall. 


= muscu 4 H S! 
during acquisition; second gi 


com system connecting the cubicle and the labora- 
tory. The Ss were instructed they would hear a 
short tone followed by the list of words, after which 
another tone would be presented to signal that 
they were to recall the list in serial order durii g 
the 60-sec. interval between presentations. This 
Procedure was repeated until S had reached a 
criterion of one errorless trial. Omissions and words 
out of order were scored as errors. In the conditions 
where Ss were required to exert muscle tension, 
instructions were given to grip the dynamometer 
attached to the chair at half maximum strength. 
This level was monitored by polygraph recording 
throughout the session. The EMGs of the MR 
groups were also continuously monitored to e 
that these Ss Maintaine 
trials. Feedback from 
any deviations from th 
although this w. 

Following th 


nsure 
d MR during the acquisition 


E permitted Ss to correct 
© required degree of NT, 
as required in only two c; 
© acquisition trials, 
Sented with a form of the 
rices Test, which Wa 
rehearsal. betw, 
10 min. later. A ter 9 min, 
final acquisition. trial, 
the test, to rel 


ses. 

each S was pre- 
Ravens Progressive 
administered to prevent 
een acquisition and the 


re 


viously 
en, and Ss were 
eturn at a later 
of experiment 
uirec g letter-number pairs rather 
than a serial list, and an appointment was made for 
a corresponding time 1 Wk. later. The following 

/ rodes were attached and the head- 
Phones fitted; S was then asked to recall (during 

according to grou ding list learne 

the previous week in ci bedes Oniy Set learned 


given and Ss were questioned aft 
rehearsal of the li 


ial was 


yo, aes erward concerning 
x ist during the Preceding week. TI 
seven Ss who admitted to c d 
s a rehearsal were 

in the study, Pa 


n not included 
ea Vor the group of Ss used, trials and 
crit Were scored for the acquisition 
, and errors were scored for the 10- 
all sessions, 
shows the Mean trials 
: a ials 
ton and the Sires 
he mea E 
Soul Ors On rec; 
ra i ^H e 
analya ly sss Ere 1 
A VEEN Gf sr t 4 
arlance. ac 1 Hi 
anned contrasts wee each incorporating 
© carried out on these 


and errors 
recall trials 


ul trials are 
three pl 
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r z PETE T 
data. Analysis of the trials-to-eriterion data r 


vealed that groups learning with IM V took Eo 
cantly fewer trials to reach criterion oe = ES 
under MR during the acquisition session, ( i i i 
= 9.323, p < 01. Ditlerences between Groups: a 1 
2 (both learning under IMT) and Groups 3 and 


(both learning under MR) were not significant. 
Analysis of errors to c 


iterion and errors at 10-min. 
recall revealed no significant differences. Vor Ute 
errors at l-wk, recall, however, the difference be- 
tween DM T-trained groups was significant, F us 56) 

7.75, p < .01, while differences between Groups 


1 and 2 and between Groups 3 and 4 were not 
significant. 
Disen 


ion. From the obtained results it may be 
seen that while IMT during acquisition results in 
more eficient learning in terms of trials tak 
reach criterion, there is no significant. difference 
between. IMT and MR groups 
criterion are considered. 


when errors to 
The finding of no differ- 
ence between groups at the 10-min, recall inte val 
indicates that where a list has been learned. to 
criterion, IMT during either training or testing trials 
has no significant effect on retention at this interval. 
Further, the present. results indicate that. IMT 
during recall does not facilitate long-term (NK) 
recall. The significant difference between IM T- and 
AM R-trained groups at the l-wk. re "all. interval, 
however, suggests that IMT during acquisition does 
enhance long-term recall. 

While the results of this study are e: 
agreement. with those of Bills (1927, 


who reported that IMT 
fewer 


ntially in 
jxperiment D, 
during training resulted in 


and better retention of a 
serial list of verbal material, any apparent contlict 
in findings between the present study and previous 
studies may possibly be explained in terms of 
procedural difference Vor example, with the ex- 
ception of the study by Bourne (1955), studies 
oring errors after a given number of trials con- 
sistently report fewer errors for the IM T-trained 
groups. In the present study, however, errors to 
criterion were scored rather than errors after a given 


trials to criterion 


MEAN ERRORS 


10 min. 


RECALL INTERVAL 1 week 
Bist: Mesue u 
(recall inter ve d "86h group at training 


10 min- and 1 wk.), 
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number of training trials, and thus the findings REFEREN 
based on error scores in this study are not strictly — ius, A. G. 
comparable with findings based on error scores in 
other studies. The various studies of the effect of 
IMT on learning and retention have differed not 


The influence of muscular tension on the efficiency 
i work. American Journal of Psychology, 1927, 38, 


L. E. An evaluation of the effect of induced tension 
formance. Journal of Experimental Psychology, 1955, 


j 49, 418-42 
> selec measure of the dependent d $ ] , 
only in the selected S IUS EF p erba] COURTS: P Relations between experimentally induced 
variable, but also in terms of the type of verba muscular tension and memorization, Journal of Experi- 
learning task employed (serial or paired associate), mental Psychol 1939, 25, 235-256. 
the number of items used, the difficulty of items Heisse, D. R. Semantic differential profiles for 1,000 most 
E Ed. ai frequent English words, Psychological Monographs, 1965, 

used, the number of training trials given, and the 79 (8, Whole No. 601). 
time lapse between training and testing trials. It is "FEA J. C. The effect of induced muscular tenian 

ste at such differer i cedure among arious phases of the learning process. Journal o, 
sugges ed that suc! differences in procedure among A Bas i931. 21, 2 
the various studies may account for the conflicting — Urine, B. S, & SPRINKLE a serial list as a 
findings, and that further studies need to be under- ede of arousal and re Journal of 
taken to examine the role of such factors in learning Experimental Psychology, 1968, 78, 103-106. 


and retention under IMT. (Received February 22, 1972) 
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SELECTIVE ATT 


TION IN THI 


= EFFECT OF LABELING ON 


SYMBOLIC PROBLEM SOLVING 


JOHN E. NORTHMAN! axo HOWARD RANKEN 


Purdue Un 


fversily 


i vant information facilitates 
Traini with verbal labels encoding problem-relevant infor um ipe " 
ü ne Ww n H S = £ i E "s : PE 
J€— solution of mental jigsaw problems in which stimuli can be 
subsequent s jig 


together to form specified configuratior 
treatment conditions in a 2 
two conditions of labeling. s 
facilitated performance on mental jigsaw 
contained additional irrelevant informat 
is apparently due to selective attention, 
ease of symbolic manipulation. 


Several studies (c.g., Ranken, 1963; Ranken 
Dowling, 1965; Ranken & Wang, 1965; Saltz 
Newman, 1960) attempted to define the role of 
labeling in problem solving by investigating condi- 
tions under which labels may help or hinder S in 
arriving at a solution. The results of these studies 
indicate that training with verbal labels, which 
enables 5 to encode problem-relevant information, 
markedly facilitates subsequent solution of Jigsaw 
problems requiring S to decide how the stimulus 
shapes can be fitted together to form a specified 
configuration, Furthermore, this effect is known 
to be more pronounced for symbolic problems, 
Where 5 must manipulate the stimulus sh. 
his head," than for concrete problems, where S h 
the shapes before him (Ranken & Dow ing, 1965). 

It is thus evident that under cert 
labels facilitate symbolic problem 
question then arises as to Why labels aid in problem 
Solving. The following investigation evaluated the 
contribution of two possible sources of facilitation 
Suggested by I id Dowling (1965): (a) the 
effect of label t ning in inducing selective attention 
to problem-relevant information during training; 
and (b) the effect of labels on memory for figural in- 


ormation and on ease of symbolic manipulation of 
Such information. 


To separate these two cl: 
of labeling—a Named and 
Were combined with two 
“two-sided” and * 
differed in the amount of 
Which the Shapes contained 
extent to which selective 
The two sided shapes v 
right sides, cach of which w: 
to the left, 


a 


m 


in 
as 


apes 


ain conditions 
solving. The 


iken a 


ses of effects, two levels 
an Unnamed condition — 
sets of stim 


ulus shapes— 
m Co 
four-sided 


shapes. 


traight, pointed 
right. The top and 
ys straight. The four- 
same left and right contours 
apes, but top and bottom con- 
h of which was either straight, pointed up, 
d down, also varied. 

neoded only the left 
stimulus shapes, 
for reprints 


Wat the De 
York Colle ic 


9r pointe 


and right sides 
These were the only 


Sets of 
! Reque t 
who is no: 
of New 
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1s. 


X 2 design v 


Forty Ss were assigned to four 
ising two sets of stimulus shapes and 


Labels encoding relevant figural information also 


problems only when the jig saw pieces 
ion. The facilitating effeet of labels 
rather than to effects on memory or 


sides which had to be fitted together SUN Es 
Jigsaw problem. Since the preproblem naning : : 
the two-sided shapes required discrimination o! 1 ; se 
contours, and the shapes contained. no other i r^ 
mation, it was assumed that no opportunity i 
differential selective attention existed, and T 
any facilitation produced by labels would re = 
their effects on memory or symbolic manipulation, 
but not on selective attention. m 
With four-sided shapes it was assumed that tr "f 
ing with the labels, which encoded only the a 
and right sides, might induce selective attention 4 
these problem-relevant contours, and that any 
facilitation produced by labels would reflect their 
effect on selective attention, in addition to the effects 
on memory and symbolic manipulation. Therefore, 
the difference between Named and Unnamed condi- 
tions with the two-sided shapes would be a measure 
of the effect of labels on memory and symbolic 
manipulation; while the increase in this difference 
as the number of sides increased from two to four— 
the interaction of naming with number of sides— 


would be a measure of the effect of labels on selective 
attention, 


Method. 


The Ss were 40 undergraduate a 
chology students randomly and equally assigne Fi 
the four. treatment conditions: Named-two-sided, 


Unnamed -two- ided, Named-four-sided, Unnamed- 
four-sided. 


Two s 


š of nine shapes each, shown in Figure 1, 
were used as stimuli. Each shape was based on a 
l-in. square. Individual shapes were presented on 
4-in. white square cards; the entire set of nine shapes 
also appeared on 7-in. white square cards. 

Ina preliminary presentation 
Were shown to S and their 
The Ss in the N 
labels which e 


phase, the shapes 


structure was explained. 
amed condition were given two-digit 
neoded each of the left and right sides 
points to the left; 

points to the right. (For example, 
left side points to the left and the 


of the shapes 
2 


as follows; 1 
= straight; 3 = 
in Shape 12 the 
right side is 


straight.) The 
tion were told to think of each 
number; Ss in the Uni 
think of each shape 
shapes were then pr 


in the Named condi- 
shape in terms of its 
amed condition were told to 
mply as a shape. 
esented, one at 


The nine 
a time, for 10 sec. 
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Fic. 1. TopzZtwo-sided shapes; bottom: four-sided shapes. 


each; the label for each shape was given for Ss in 
the Named condition. 

All Ss then received training in a recognition task, 
designed to provide an opportunity in the Named 
condition to practice the labels, while giving Ss in the 
Unnamed condition equal practice in discriminating 
the shapes without using words. A sample shape was 
shown for 2 sec.; after a 2-sec. pause, the entire set 
of nine shapes was presented, and S was asked to 
point to the shape that matched the sample. The 
Ss in the Named condition were also asked to give 
the label, with correction, for each sample shape 
before making the recognition response. Training 
for all Ss continued to a criterion of two consecutive 
errorless trials for all nine shapes on the nonverbal 


recognition response and, for the Named condition, 
also on the labeling response. 


wacbm 


Fig Sample problem with two-sided shapes. (The S is 
wesented with the shapes in the first and fifth positions he 
iust think of three other shapes [illustrated in figure] which 
could be fitted between these two, jigsaw fashion, to form a 
complete row.) 
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TABLE 1 


MEAN NUMBER OF PRORLEMS CORRECTLY 


d 
Sotvep by Eacu s 
| Figure 
Condition — — Both 
Two sided Four sided 
CES | - 
Bi s 12.6 14 12.5 
SD 2.06 1.85 
Unnamed | 875 ^n 
M ILL 8.7 i 
SD 2.34 
Both 
M 11.85 94 | 
Each 5 was then given 18 jigsaw problems in whick 
z sed as 
he was shown two shapes, which were to be usc mE 
the first and fifth shapes in a row of five. E 
S's task was to think of three other shapes y pa ] 
could be fitted between these two, Jigsaw fashion, 


to form a complete row. (See Figure 2 for A 
ple) Itw ipulated that no shape, including 
irst and fifth shapes, could be used more Sun 
once in a given problem. The Ss in the ? amed 
condition were told to think of the shapes in terms 
of their numbers; Ss in the Unnamed condition were 
told to think of the shapes simply as shapes. When 
5 indicated that he had solved the problem, the 
entire set of nine shapes was shown and S was tested 
by designating the shape that belonged in the middle 
position in the row. The problems were designed 8° 
that there was only one correct solution for the 
first 6 problems and two correct solutions for the 
remaining 12 problems. 
began when S was presen 


—_ “+ 


Timing for each problem 
ted with the first and fifth 
shapes and terminated when S said ready, indicating 
that he had arrived at a solution, Any S who. di 
not solve a given problem within 180 sec. was given 
that time for a latency score and credited with an 
incorrect choice response. 
Results and discussion, 
problems solved correct! 
experimental conditions 
There was little 
Ss in three of the 
two-sided, Unnamed-two. 
sided. The Ss in these 
noticeably better than 
sided condition. 


The mean number of 
y per S for each of the four 
is presented in Table 
ance among 
ons: Named- - 
sided, and. Named-four- 

three groups performe 

Ss in the Unnamed-four- 

An analysis of variance showed @ 


variation in perfort 
four treatment condi 


TABLE 
MEAN SOLUTION Time (IN ) or PROBLEMS 
SoLvED CORRECTLY 
>; | "XN E 
Figure 
Condition ———— = Both 
Two sided Four sided 
Named E 
M 32.48 46.61 39.54 
.SD 17.00 14.16 
Unnamed j 
um 27.86 50.60 39.23 
14.56 7 
Both i 35.70 s ‘ 
" 30.17 48.60 39.3 . 
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ificant Name X Side interaction, Æ (1, 36) 
= 90, p < 01. Analyses of simple effects indicated 
that only the simple effects involving the Unnamed 
four-sided condition were significant. Because of 
the differential performance of Ss in the Unnamed- 
four-sided condition, there were significant overall 
effects of both names and sides. The Ss in the 
Named condition correctly solved significantly more 
problems than Ss in the Unnamed condition, 
F (1, 36) = 25.55, p < .001, and Ss working with 
two-sided shapes correctly solved significantly more 
problems than Ss working with four-sided shapes, 
F (1, 36) = 10.91, p « .01. 

The mean solution times of problems solved cor- 
rectly for each experimental condition are shown 
in Table An analysis of variance indicated that 
only sides yielded a significant effect, F (1, 36) 
= 6.19, p < .05, with Ss working with two-sided 


shapes arriving at correct solutions significantly 
faster. 


The effect of naming on the number of problems 
solved correctly was greater for Ss working with 
four-sided than with two-sided shapes. It is sug- 
gested that this effect resulted, at least in part, from 
the names inducing selective attention to the con- 
tours subsequently relevant for solving the jigsaw 
problems, Performance in the Named-four-sided 
condition was as good as in the two-sided conditions; 
this indicates that selective attention, suggested by 
Ranken and Dowling (1965) as a possible "ct of 
labeling, was sufficiently strong to eliminate anv 
distracting effect of the irrelevant contours. 
pos ible, however, that there is a more complex 
relationship between procedural instructions and 
the effectiveness of labels. For example the Big 
cedure used in this study for inducing selective 
penton appears to be an effective one; Ss in the 
V dne, a were given labels for the stimulus 
i Em ere encouraged to use them throughout 

procedure. The effects of labels may be di- 


minished with different instructions, e.g 
tions where labels are presented but the 
so strongly encouraged. 


situa- 
is not 


The lack of any reliable effect of naming with 
two-sided shapes indicates that the names had a 
less facilitating effect on either memory for contours 
or ease of symbolic manipulation, the other possible 
effects of labeling suggested by Ranken and Dowling 
(1965). The time data further indicate that, in 
problems of this type, labels do not significantly 
accelerate finding a correct solution, An explana- 
tion for these results may lie in the nature of the 
two-sided shapes. It is conceivable that Ss working 
with the simpler two-sided shapes found no need 
for assistance in memory from a device such as 
labels; a purely imaginal representation may have 
been sufficient. Indeed, several Ss in the Named- 
two-sided condition indicated afterward that they 
found the labels to be of no assistance in solving the 
jigsaw problems. lt appears, then, that problems 
with limited stimulus information can be handled 
ata perceptual level without any need for symbolic 
encoding. The importance of labels in problem 
solving increases with additional stimulus informa- 
tion, and this facilitating effect is at least partly 
due to labels inducing differential selective attention 
to relevant stimulus attributes during training. 
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EFFECT OF SEQUENCE STRUCTURE ON RECALL! 


BARRY J. SCHWARTZ? DANIEL S. LORDAHL, asb BLASE GAMBINO 


University of Miami 


Recall for sequences containing 8 and 10 binary events was assessed in 100 : 
Sequences were presented in either a serial or simultaneous mode. 


Errors 


were analyzed in terms of the structure of the sequences, including the pre- 
sence of runs and alternations, the number of transitions, and the code length for 
the sequence. Code lengths of the beginning and ending parts of the sequences 
were studied along with the code for the entire sequence. Group coding dif- 


ferences are discussed. 


In two recent reviews of the binary-prediction 
research (Jones, 1971; Myers, 1970), the structure 
of the event sequence and S’s memory for prior 
events have been amply documented as powerful 
variables in the determination of S's predictions, 
In addition, current explanations of binary predic- 
tion have emphasized such processes as encoding 
or chunking (cf. Myers, 1970) of the event sequence. 
Presumably, S's ability to recall the past sequence 
of events should be related to the ease with which 
the sequence can be encoded or chunked. The 
present study was designed to explore this relation- 
ship in a task which did not involve prediction, but 
involved only recall. 

Method. The Ss were 100 students from intro- 
ductory psychology classes at the Univer: ity of 
Miami, participating for experimental credit. Ex- 
perimental sessions involved small groups of be- 
tween three and six persons cach, and lasted for 
approximately $ hr. i 

The sequences were binary event sequences with 
1 and 2 being the events. Twenty-five Length 8 
and 25 Length 10 sequences were used. 

There were two experimental conditions: serial 
and simultaneous, with 50 Ss in each. The Ss in 
both conditions were tested first with the 25 Length 
8 sequences, followed by the 25 Length 10 sequences. 
The sequences for both groups were identical; only 
the mode of presentation differed. Five different 
orderings of the Sequences were used, each order 
being used for 10 Ss in each condition. Assignment 
of the groups of 5s to a condition and sequence order 
was random, with the only limitation being the 
filling of the groups. 

The 50 5s in the serial condition h 
presented to them one digit at a time by means of 
a sound recording. The Sequences were read at the 
rate of 1 digit/ sec. The tape was stopped between 
sequences in order to give Ss en 

down their answers. When all of the members of a 
group had indicated that they had finished writing, 
the next sequence was presented. It is important 
to point out that the taped Sequences were read 


ad the sequences 


ough time to write 


? Portions of this article were presented at the 1969 meet: E 
of the Psychonomic Society im St. Louis This sude und 
submitted by the first author in partial fulfillment of the re- 
quirements for the master's degree at the University of Miami. 

? Requests for reprints should be sent to Barry J, Schwartz, 
Department of Psychology, University of Miami, P. O, Bos 
8185, Coral Gables, Florida 33124. 

3 Now at the Florida State University. 
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with as little emphasis and intonation as possible. 
Digits were carefully timed for presentation at 
precisely every second, with emphasis being put on 
the last digit only. 

The 50 5s in the simultaneous condition had the 
Sequences presented to them by an opaque projector 
so that they saw all of the digits simultaneously 
The sequences were Projected onto a screen from 
unlined 3 X 5 cards which had been carefully pre- 
pared so that they could be seen clearly; the room 
was lighted so as to permit projection of the se- 
quences, but still let S see well enough to write 
down his answers. Each sequence was exposed 
for a time equal to 1 sec/digit. As with the serial 
group, the next Sequence was not presented until 
all 5s had indicated that they were ready. 


, The instructions were identical for both condi- 
tons, except for the specific details concerning the 
mode of presentation of the sequences. The Ss 
were told that the purpose of 
to create a new scale relating intelligence to memory 
for digits. They were told that they would see or 


hear à sequence of the numbers 1 and 2, and that 
it was their task to w 


rite down as much of the 
Sequence as they could remember as soon as presen- 
tation of the sequence had been completed. The 
fact that there Was no penalty for guessing was 
emphasized, Answer sheets with spaces for the 
8- and 10-digit Sequences were provided to make 
sure that ‘Ss responded with the correct number of 
digits. The sequences were then presented with no 
warm-up or practice trials. 
Results and discussion, Defining an error as à 


Sequence which was not completely correct, the two 
groups Were compared in a repeated-measures analy- 
sis of variance with the two sequence lengths as the 
repeated measure. Recall was more difficult under 
serial presentation than under simultaneous pre- 
sentation (p < .001). 


Since Ss in the simultaneous 
group were able to read the entire sequence in 3-5 
sec., their superiority may have been due to having 
an additional 5-7 Sec. to rehearse and/or encode 
the sequence. This analysis also revealed that as 
Sequence length increased, recall decreased (p < 
-001); and this deterioration was enhanced under 
the serial mode (p < :001). This finding of in- 
creased difficulty in Tecall with longer sequences 
was, of course, expected, Another factor which 


the experiment was 
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may have entered into these results pertains to the 
number of transitions within each sequence. . 

A transition is defined as the number of times 
which two successive digits within a sequence differ. 
In grouping the sequences according to the number 
of transitions, it was found that the number of 
errors was highest on those sequences with a moder- 
ate number of shifts (ic., four transitions). Se- 
quences with fewer shifts tended to be more ac- 
curately recalled, possibly as a result of their having 
long runs. On the other hand, those sequences 
with a large number of transitions are also easier 
to remember because they resemble single alterna- 
tions. These results indicate that as run lengths 
become shorter, recall diminishes; but at a certain 
point the sequence begins to approximate a single 
alternation pattern and the process i 

In another repeated-measur 
this time using cach sequenc 
measures, the sequence term w: consistently found 
to be significant at the .001 level. This inalys 
was done separately for each combination of se- 
quence length and presentation mode. This finding 
Supports the conclusion that errors accrued to cer- 
tain sequences due to the structural properties of 
those sequenci On the basis of this conclusion, 
a more detailed analysis of structure was conducted 
by classifying all sequences according to the patterns 
formed by the first and second half of each sequence. 

3 In all conditions, sequences beginning with a run, 

single alternation, or double alternation had fewer 
mean errors per sequence. A point-biserial correla- 
tion of mean errors with whether or not the first 
four digits formed a run or alternation was signifi- 
cant: only for the serial Length 8 group (p < .01). 
No similar relationship was found to exist between 
errors and ending patterns, This finding suggests 
that the beginning patterns may be more critical to 
recall, perhaps functioning as anchor points for the 
remainder of the sequence. 


reversed. 
s analysis of variance, 
s one of the repeated 


If Ss are encoding sequences 
related to the length of the code which they use 
Sequences with shorter codes being recalled more 
readily. Us ng Morganstein's (1970) definition of 
Code length, errors were correlated with code le 
or each combination of sequence 
of presentation. 
and the code le 


» then recall may be 


ngth 
length and mode 
A Spearman correlation was used, 
à ngths represented either the entire 
Sequence or the coding of the beginning or the 
ending of the Sequence. Table 1 presents these 
correlatio 15 and their significance levels. 

From Table 1 it can be seen that the code length 
of the entire sequence is significantly correlated with 
Tecall errors under all four conditions. When code 
ength is derived solely from the beginning pattern, 
the correlation improves for the serial Ss under both 
Sequence lengths, A similar increase in the size of 


authors wish 


r. to express their appreciation to the 
ting Editor for | 


his helpful suggestions with regard to 


TABLE 1 


RMAN CORRELATIONS BETW QU 
LENGTHS AND NUMBER OF ERRORS 


ce Cope 


Code length 


Sequence Mode of 
length presentation a 
Entire | Beginning | Ending 
8 Serial So** 0t 
multaneous M 00 
10 rial S2* us 
Simultaneous AS 38 
*p5«.05 
"*5«c.01. 


the correlation is found for the simultaneous Length 
10 condition for the ending code length. 

The finding of significant correlations of errors 
with the code length of the sequence as a whole 
supports Morganstein's (1970) earlier work. In 
addition, the presence of larger correlations for the 
beginning codes under the serial mode fortifies the 
point-biserial correlation previously discussed and 
points toward the preeminence of the beginning 
pattern for this group. The increased size of the 
correlation. based on the ending pattern for the 
simultaneous Length 10 condition is more difficult 
to explain, especially since no such relationship was 
found to exist for the Length 8 sequences. lt may 
be that the addition of two digits strains the coding 
and/or memory processes, favoring the recall of 
those sequences containing easily coded ending 
patterns. The code lengths of the beginning pat- 
terns has no relationship with recall for this group, 
presumably due to the fact that the first portion 
of the sequence can be more thoroughly rehearsed 
or more readily stored independent of its code 


length. The left-to-right scanning by Ss undoubt- 
edly plays a role here. 


In summary, the data suggest that recall is re- 
lated to sequence structure. Possible mediating 
factors include the presence of runs and alternations 
and the length of a code used in the recall process. 
Differences between serial and simultaneous modes 
point to the coding of different portions of the 
sequences under the two conditions, with emphasis 
on the coding of the beginning portion for serial 


5s and on the ending portion for Ss in the simul- 
taneous condition 
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HOMOGRAPHS AS DOUBLE FUNCTION ITEMS 


DO 


University of Missoi 


IN VERBAL DISCRIMINATION LEARNING ! 


ALD H. KAUSLER * 


uri at Columbia 


Partial double-function list conditions were constructed for verbal discrimina- 


tion learning with homographs serving as the double-functioning words (i. 


asa right item in one pair and as a wrong item in another pair). Pairing the 
homographs with associates related to their distinctive meanings resulted in 
faster acquisition than pairing the homographs either with associates related 


to a common meaning or with words unre 


sults were interpreted in terms of a featu 


According to the feature-tagging hypothesis of 
verbal discrimination learning (Kausler, in press), 
intrapair discrimination between right (R) and 
wrong (W) items requires a comparison between 
the stored representation of the R item plus its 
frequency-of-response tag (fr) and the stored repre- 
sentation of the W item plus its frequency-of-re- 
sponse tag (fw). To the extent that fr > fw, S 
selects the R item, in agreement with the basic 
tenets of Ekstrand, Wallace, and Underwood's 
(1966) frequency theory. Considerable research on 
other facets of recognition learning has indicated 
that the stored representation of a word consists, 
in turn, of a set of semantic and sensory features, 
with each feature being tagged separately by a fre- 
quency cue. False recognitions occur when the 
tagged features of "old" study words overlap with 
either the semantic or the sensory features of "new" 
test words. A comparable proce eemingly oper- 
ates in verbal discrimination learning when R items 
share either semantic or sensory features with inter- 
pair W items (eg, Fulkerson & Kausler, 1969). 
That is, S falsely recognizes W words as R words 
when features of the W words have been tagged with 
fr cues elsewhere in the list content, thereby in- 
creasing the difficulty of learning the overall list. 

The foregoing analysis accounts readily for the 
extreme difficulty of learning a completely double- 

function list, that is, one in which each R item also 

serves as a W item for another pair in the list 

(Kausler & Boka, 1968). In effect, the usual con- 

sequence of double-functioning items is to create a 

situation in which fg and fw become indistinguish- 

able as cues for intrapair discrimination, and S 

must adapt to the situation by relying upon other 
sources of cuing if he is to learn the list (Kausler & 

Boka, 1968). The difficulty stems from the com- 
plete overlap of features between R and W items 
that occurs when ordinary words are double fune- 
tioning. However, the foregoing analy Iso sug- 
gests that double-functioning words qua words need 
not have double-functioning sets of features, That 
is, the features of a word that are tagged in its 
function as an R item may be segregated, at least 
in part, from the features that are tagged in its 


1 Thanks are due Greg Settle for his assistance in various 
axes of this study. i 
P uasi for reprints should be sent to Donald H, Kausler, 
Department of Psychology, University of Missouri, Columbia, 
Missouri 65201. 
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ited to the homographs. 
ire-tagging hypothes 


The re- 


function as a W item. If this segregation is 
complished, a double-function list should be reduced 


to the functional equivalence of a single-function 
list. 


Homographs, or words with two or more clearly 
discriminable meanings (¢.g., Meaning A and Mean- 
ing B), represent an ideal word population for test- 
ing the segregation. hypothesi Recent. research 
revealed that correct recognition of a homograph 
an "old" word is markedly reduced when the 
study context implies Meaning A and the test 
context implies Meaning B. Similarly, the false 
recognition of a "new" test word as “old” is greater 
when that word is related to Meaning A (the study- 
context meaning) than when it is related to Meaning 
B (cf. Perfetti & Goodman, 1970). When applied 
to the double-function verbal discrimination situa- 
tion, an R item related to Meaning A should be 
discriminable from a W item related to Meaning B, 
even though the items have completely overlapping 
sensory features. The present design called for a 
modified double-function list in which only half of 
the words, viz, the homographic content, served 
both R and W items. The remaining words func- 
tioned singly as either R or W items. 

In the primary experimental 
homograph was paired w 
Meaning A of that home 
as an R item (eg, xy 
and with an associate link 
it functioned as a W 
W-R pair). 


as 


r condition, each 
ith an associate linked. to 
graph when it functioned 
NIS as a R-W pair) 
ked to Meaning B when 
i item (eg, NET-INCoME as à 
PAR ae anticipated that the differential 
a Rc s would trigger the different mean- 
Sinh gging purposes, thus reducing the list to 
: &e-lunctioning items, In another experimental 
condition, each homograph was paired with an as- 
sociate of a single meaning of that homograph, both 
when it functioned as an R item and when it func- 
tioned as a W item. Two different groups served 
under this condition. In the one group the single 
meaning was the primary, or more frequently re- 
sponded to, meaning (Kausler & Kollasch, 1970) 
of each homograph ( NNISasa R-W pair 
and NET-CATCH as a W-R. pair). In the other group. 
the single meaning was the secondary, or less fre- 
quently responded. to, meaning of each homograph 
(e.g., NET-GAIN as an R-W and xi: -INCOME as à 
W-R pair). In both cases it was anticipated that 
the homographic items Would retain their double 
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functioning as R and W items, thus making the 
lists difficult to learn. In the control condition each 
homograph was paired with an unrelated word, 
both when it functioned as an R item (e.g., NE 
REST as an R-W pair) and when it functioned as a 
W item (eg, NET-CHEAT). lt seems likely that an 
S who perceives a homograph in terms of its primary 
(or secondary) meaning in one pairing will perceive 
it similarly in the second pairing. Thus, double 
functioning of homographs was the likely cons 
quence in the control condition. However, there 
was the possibility that idiosyncratic relationships 
with the paired words would result in dilferential 
encodings of some homographic items across pairs, 
thus reducing the overall double-functioning nature 
of the list. 

Method. The Ss were 80 general psychology 
students; all were naive with respect to prior par- 
ticipation in verbal learning experiments, and all 
received extra course credit for participation in the 
experiment. "They were assigned randomly within 
blocks of four Ss to the following groups: Group M 
(mixed meanings of the homographs in R and W 
functions); Group P (the primary meaning of the 
homographs in both R and W functions); Group S 
(the secondary meaning of the homographs in both 
R and W functions); and Group C (control condi- 
tion, without cuing of either meaning). 

For purposes of greater generalization of results 
and greater control over idiosyncratic character- 
istics of homographic items, two forms (I and 11) 
of each list condition were constructed. Two sets 


of six homographs each, selected from the Kausler 
and Kollasch (1970) word ass 
the core ite 


homogr: 


ciation norms, formed 
ms for constructing specific lists. The 
aphs in Forms | and I had 
ings averaging 66.6% 
the total 
The tw 
neither 


primary mean- 
and 81.9%, respectively, of 
associations to the homographic stimuli. 
o forms were subsequently found to yield 
à main effect on error rate nor an interaction 
effect with list conditions. Cons quently, the two 
Orms were pooled for the analyses reported later. 
"Or each condition (12 R-W pairs) the six homo- 
graphs were R items in 6 pairs and W items in the 
remaining 6 pairs. The intrapair items yoked to 
each homograph (i.e. W items for R-functioning 
homographs and R items for W-functioning homo- 
graphs) consisted of low-strength (less than 10% in 
the Kausler & Kollasch norms) associates to that 
MomMograph in Groups M, P, and S, and words of 
2ero-s xiation in Group C. For Group 

ociates paired with each homograph 
Were scored in the Kausler and Kollasch norms as 


referring to the separate meanings of that homo- 
graph, whereas for Group P and Group S the two 
assoc 


ites were scored in the norms as referring to 
the Same meaning (primary and secondary, respec- 
tively). For Group C, Form I condition, the two 
words paired with each homograph were the two 
words Paired with one of the homographs in the 
mum e mandita of Group M; for Group €, 
dini ; the selections came from the Form I con- 

lon of Group M. In addition to associative re- 


TABLE 1 
SUMMARY STATISTICS FOR TOTAL 


RORS AND FOR ERRORS 
F TRIALS 


Trial block 


Group 1-5 6-10 | 


Not 
meanin 


mixed meanir 


P = primary 
secondary meaning; and C 


control, 


latedness to the homographic items, the following 
criteria guided the specific selection of nonhomo- 
graphic items: (a) avoidance of direct associative 
relatedness with one another, as determined by 
existing word association norms, when applicable, 
and by E's judgment otherwise; (b) balancing the 
cross-list conditions with respect to frequency and 
grammatical form class of words serving as items. 
Especially important was the avoidance of direct 
associative relatedness between the two nonhomo- 
graphic words paired with a given homograph. 
Selection of the nonhomographie words without 
regard to their associative relatedness could have 
resulted in differential extents of double functioning 
across conditions through implicit associative re- 
sponses. Word associates linked to a common mean- 
ing are more likely to be dir 
tively than 
Since implicit 


ctly related associa- 
ssociates to the distinctive meanings. 
associative responses to these related 
words as R items would add frequency units to 
their W item counterparts (Ekstrand et al., 1966), 
the overall difficulty of the lists for Groups P and S 
would be greater than that of the lists for Groups 
M and C, independently of the segreg 
ings problem. 


ion of mean- 
Thus, the nonhomographic items 
paired with a common meaning were carefully 
selected so as to be both associates of the homograph 
and independent of one another. For example, one 
of the homographic items Was NE 
the words paired with x 
relatively weak 


In Group P 
ST were TENNIS aud CATCH, 
) ociates of NET that are seemingly 
s tively unrelated to one another. 
The procedure followed closely that of Kausler 
and „Boka (1968) in terms of temporal conditions 
Cortes ation method, 2:2 sec, rate, 4-sec. intertrial 
bene ae ali ae positioning of items (with R 
ese fasion during feedback intervals), and 
tion effects, "Phe eda nes effects and spatial pose 
and it was followe iby Site oe ie 
Rasa wed by 15 learning trials. 

Pc eremi "5530? Means and standard devi- 
een B EM crore over the 15 learning trials are 
a Ta ole 1 for all. four groups Errors were 
a analyzed Separately for Trials 1-5 Trials 6-10, 
and Trials 11-15, Means a is VIS RT tme 
for he tnial Gloss ae and standard deviations 
: orae fei s are Insladed in, Table 1. The 
error scores (square-ro, ans i 

ot transformation ; pronounced 


skewed distributions) were subjected to a 4 o. 
mixed analysis of variance, with homogiaphic con- 
ditions as the between-group variable and trial 
blocks as the within-group variable. Both the main 
effect for homographic conditions and the main 
effect for trials were significant, F (3, 76) — 2.78, 
p «.05; and F (2, 152) = 166.62, p< -001, re- 
spectively. An orthogonal components analysis re- 
vealed a significant comparison in total errors be- 
tween Group M and the other three groups com- 
bined, F (1, 76) = 4.63, p <.05. Neither the 
Groups P and S vs. Group C nor the Group P vs. 
Group S comparison approached significance. In 
addition, individual contrasts between means (Dun- 
can's test) yielded significant differences between 
Group M and Group P (p < .05) and between 
Group M and Group S (p < .05). The contrasts 
between Group M and Group C and between Group 
C and Group S approached significance (ps < .10). 
The remaining contrasts were clearly nonsignificant 
(ps < .10). Further evidence for the overall su- 
periority of Group M came from the fact that 12 .Ss 
in this group attained a criterion of two consecutive 
perfect trials, as compared to four in Group P, 
seven in Group S, and seven in Group C. 

The Conditions X Blocks interaction effect was 
also significant, F (6, 152) = 3.30, p < .005. From 
Table 1 it may be seen tnat the interaction resulted 
from differential learning rates between Group M 
and the remaining groups. Separate analyses of 
variance yielded a significant between-group effect 
for Trials 6-10, F (3, 76) = 5.34, p < .01; and for 
Trials 11-15, F (3, 76) = 4.31, p € .01; but not 
for Trials 1-5 (F « 1). In addition, orthogonal 
comparisons for the last two blocks of trials revealed 
that only the comparisons between Group M and 
the other three groups combined were significant, 
F (1, 76) = 14.83, p < .001; and F (1, 76) = 11.75, 
p < .001. 

The present results offer support for the feature- 
tagging hypothesis. The difficulty of learning a 
list. containing double-functioning words can be 
markedly reduced when separate features of these 
words discriminate between their use as R. and W 
items in a verbal discrimination list. However, 
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there is reason to believe that the list condition for 
Group M was not equivalent to that of a single- 
function list condition in which completely different 
words serve as R and W items. That is, the learn- 
ing rate for Group M was considerably slower than 
the rate ordinarily found for single-function groups 
receiving 12-pair lists. For example, Fulkerson and 
Kausler (1969) found that all 20 of their in the 
control group attained a criterion of two consecutive 
perfect trials in less than 15 trails, with the mean 
number of trials being 7.60. It will be recalled that 
only 12 of the 20 Ss in the present study attained 
this criterion, and moreover, the mean number of 
trials for these was 10.75. The failure to elimi- 
nate double functioning completely is not surprising 
in that the orthographic and phonemic features of 
the homographs overlapped completely in their 
double functions, even though the semantic fea- 
tures were presumably discriminable. As noted in 
the introduction, false recognition of W words as R 
words increases when sensory features of the W 
words have been tagged with fn cues elsewhere in 
the list. The Present results also offer little support 
for the hypothesis that : spontaneously segregate 
homographs into their distinctive meanings during 
practice on double-function pairs. While Group C 
displayed fewer errors than Groups P and S, the 
advantage was slight and did not reach statistical 
significance. 
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EFFECTS OF INSTRUCTION AND STIMULUS PRESENTATION ON THE OCCURRENCE OF 
AVERAGING RESPONSES IN IMPRESSION FORMATION? 
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U niversity of Denver 


ANDREW M. LUGG 


University of Michigan 


In 1965 Anderson found that adding moderately polarized adjectives to highly 
polarized adjectives decreased the polarity of Ss’ responses. To test whether 
the occurrence. of such averaging responses was enhanced by Anderson's 


methodolog 


vals, compared Anderson's 


a replication experiment was performed. One factor of a 2 X 2 
factorial design, which followed Anderson in requiring response 


at fixed inter- 


istructions with instructions which were similar 


but did not specify that the adjectives were equally important. The second 


factor compared Anderson's method of presenting adjectiv 


in isolation with 


a sentence form of presentation. A fifth condition allowed Ss to proceed at 
their own rate through the stimuli. Anderson's basic results were replicated. 


No significant effects due to instructions, format of presentation, or timed vs. 


untimed presentation were obtained. 


Anderson (1965) obtained evaluative ratings of 
compound stimuli constructed from various com- 
binations of moderately polarized and highly polar- 
ized adjectives of the same evaluative sign. He 
reported that his Ss gave averaging responses, that 
is, their evaluation of a compound stimulus was less 
extreme than their evaluation of the most extreme 
component stimulus. An adding response was 
scored whenever an S's evaluation of a compound 
stimulus was more extreme than his evaluation of 
the most extreme component stimulu 

The study reported in this article is a replication 
of Anderson's (1965) study with variations in the 


instructional set, the format of stimulus presenta- 


tion, and the amount of time allowed for rating 
each 


set of adjectives. We expected these variables 
to affect the strength of adding or averaging re- 
sponses given by Ss. Using Anderson's adjective 
Sets as stimuli, we hypothesized that, semantic and 
Syntactic considerations aside, some of our condi- 
tions would lead Ss to give averaging responses and 
Other of our conditions would lead Ss to give adding 
responses. 

In an attempt to avoid stimulus interaction, 
ferential weighting, and discounting effects, Ander- 
son used instructions which included the Paragraph; 

lt is important that you pay equal attention to cach 
adjective. Occasionally the adjectives may seem 
Inconsistent, but you should consider each adjective 
às equally important in describing the person [our 
italics]? Moreover, just before Ss began the ex- 
berimental booklet they were reminded to “pay 
equal attention to each adjective." Although the 
use of such instructions may help ensure the va- 
lidity of the scaling techniques used by Anderson, 


dif- 


study w; 
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we hypothesized that such instructions lead Ss to 
average their subjective impressions. In particular, 
we suggest that emphasizing equal importance of 
the adjectives is similar in effect. to telling Ss that 
each of the individual traits best characterizes the 
stimulus person. Since it is not possible that more 
than one trait simultaneously best characterizes a 
stimulus person, we felt that Anderson's instruc- 
tions enhanced the probability of Ss inferring that 
some conflict existed between the pieces of informa- 
tion, and that Ss resolved the contlict by taking the 
average of their e 


uative impressions. 

Hendrick's (1967) results provide some support 
for the above line of reasoning. He did three ex- 
periments and obtained the strongest averaging 
results in the only experiment which instructed Ss 
to “consider the one or two traits listed as the 
most characteristic traits the person possesses [p. 
O1]" This experiment also differed from the other 
two in that Ss were required to rate one item every 


15 sec. The three studies also differed in other less 
important wa 


Averaging also may have been enhanced by the 
format of stimulus presentation used by Anderson. 
His stimuli were presented in the following manner: 
Each page of a test booklet contained two adjecti 
on each of one or two lines, together with a blank 
Space in which Ss recorded their ratings of how 
mash they liked or disliked the person described 

" the set of adjectives. Partly on the basis of 
He EIE using two-adjective sets, we speculated 
m if the adjectives Were presented as components 
Würde (e-g., “The person is nonconforming, 
would iud d deliberate, and considerate."), Ss 
vith isı ? average less than they do when faced 
with isolated adjectives, W > s would 
find the sentenci es. We felt that Ss wou 
that they OUI tee more "natural," and 
ton of ti d therefore assume that the descrip- 

n Ot the stimulus person si z d a 
number of traits on simply presente! 

aits each of which ca eth 
ich captured some aspec 


of the person’s char; 
h 3 > Character but x hich best 
characterized him. none of which 


In such © 
H ] £ Xontextes we hw W 
sized, S does not t ntexts, we hypothe 


Teat the adjectives. as ly 
1 Ad ae 3 adjectives as equally 
Important pieces of information to be weighed 


218 


against each other, but rather attempts to build up 
an overall picture of the stimulus person. If the 
new information is confirming, 5 will tend to like 
the stimulus person more, whereas if the new infor- 
mation is disconfirming, he will tend to like the 
stimulus person less. A similar statement applies in 
the case of negatively evaluated stimuli. . 

In order to partially test some of the above ideas 
a 2 X 2 factorial experiment was conducted. One 
of the factors compared Anderson's instructions vs. 
instructions which did not specify that each adjec- 
tive was equally important nor that equal attention 
should be paid to each adjective. The other factor 
compared presentation of the adjectives in isolation 
vs. the sentence form of presentation. We expected 
to obtain the most averaging in the cell which used 
Anderson's instructions and method of stimulus 
presentation, and to obtain adding (or at least less 
averaging) in the cell which used neither Anderson's 
instructions nor his method of stimulus presentation. 

In Anderson's (1965) study, 5s were required to 
spend a total of 15 sec. on each item before giving 
it a rating. We felt that this length of time was 
exceptionally long and that this may have affected 
the results. Thus, in addition to the four groups 
described above, we ran a condition in which Ss 
were allowed to proceed at their own rate through 
the booklet, were presented with stimuli in sentence 
form, and were given instructions which did not tell 
them to pay equal attention to each adjective nor 
that each adjective was equally important. We 
considered this condition the most natural and ex- 
pected it to yield more adding than any of the four 
timed conditions. 

Method. The stimuli and method of constructing 
test booklets were identical to those used by Ander- 
son (1965). The component adjectives were se- 
lected from among those which Anderson (on the 
basis of normative data) classified as highly liked 
(H), moderately liked (M*), moderately disliked 
(M7), and highly disliked (L) personality-trait 
adjectives. Each of the four stimulus replications 
included four different sets each of HH, M*M*, 
MM5, and LL adjectives, Within each replica- 
tion these pairs were combined with each other in a 
way (described by Anderson) that yielded two dif- 


ferent sets each of the types HHHH, M*M*M* 
M*, M-M-M-M^, and LLLL; four different 
HHM*M* sets, and four different LLMM- sets. 


TABLE 1 
ANALYSIS OF VARIANCE OF ADDI AVERAGING SCORES 


Sour 


= al = df F 
Mean SAPE 
Condition (C) 4 py 

3 1:60 
12 1.29 
60 (59.92) 
C 1 «100 
RE 3 
CRE 2 


S(C R) X E (Mean Square) 


*p «05. 
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Thus, a single stimulus replication contained a total 
of 32 sets of adjectives, half being two-adjective 
sets and half being four-adjective sets. 

Each S received a booklet of 10 practice items and 
a booklet of 32 experimental items. Each page of 
the booklets contained a single item and a blank 
space for S to record his response. The pages of 
each booklet were arranged in a different scrambled 
order for each S. 

The format of presentation was either the isolated 
adjective format used by Anderson or a sentence 
format. In the isolated adjective format, cach page 
of a test booklet contained two adjectives on cach 
of one or two lines; whercas in the sentence format 
each page of a booklet contained a sentence with 
either two or four adjectives. For example, "The 


person is dependable, unconventional, friendly, and 
meditative.” 


The Ss in the condition that was a straight- 
forward replication of Anderson's study were read 
the same instructions which Anderson used. The 
instructions used in our other conditions closely 
paralleled those used by Anderson. In our “not 
equally important” conditions, we simply deleted 
the portions of Anderson's instructions which em- 
phasized Ss should give equal importance and equal 
attention to each of the adjectives. Depending On 
whether the isolated adjective format (i.c., that 
used by Anderson) or the sentence format of pre- 
sentation was used, and on whether the condition 
was timed or untimed, very minor changes in word- 
ing were effected in order to make the instructions 
appropriate for each experimental condition. We 


quote from Anderson (1965) to describe his basic 
procedure: 


The S was instructed to read the adjectives 
slowly to himself. A total of 15 sec. was used 
for cach set. At the end of the allotted time, 
E said, "Rate & Turn." The 5 then recorded 
his response and turned to the next page. 

he Ss were told to use 50 to rate a person 
they would neither like nor dislike, to use lower 
numbers for persons they would dislike, and 


to use higher numbers i 
« ers for persons they wou 
like [p. 396]. — 


T The Ss were 80 male students who participated 

e study in order to fulfill research participation 
requirements in their introductory psychology course: 
The Ss were run one, two, or three at a time and 
were randomly assigned in equal numbers to each 
of the 20 groups (i.e., 4 Stimulus Replications x5 
Conditions). 

Results. The mean rating given to all of the HH, 
HHM*M*, LLM-M-, and LL items was com- 
puted for each S. Two "adding-averaging" SEIS 
were computed for each S by subtracting the S's 
HH mean from his HHM*M* mean, and his 
LLM-M- mean from his LL mean. These scores 
have the property that averaging responses yield 
negative scores and adding responses yield positive 
scores. The mean adding-averaging scores for the 
conditions using Anderson’s instructions with iso- 
lated adjectives vs. sentences, respectively, were 


^ 


SHORT REPORTS 


—1.46 and — 3.93; the means using "not equally 
important" instructions with isolated adjectives vs. 
sentences, respectively, were —1.50 and  — 1.73, 
and the mean for the untimed condition which used 
sentence presentation was .62. The adding-averag- 
ing scores were analyzed by use of a three-way 
analysis of variance in which the five experimental 
conditions (C) and the four stimulus replications 
(R) were between-S factors, the evaluation (E) 
of the adjectives being a repeated measurement 
factor. As shown in Table 1, none of the main 
effects or interactions were significant. ln order 
to look more closely at the data, we pretended that 
we had made a correct a priori prediction as to 
which condition would yield the greatest and which 
the smallest adding-averaging score. The dif- 
ferences between the means for the conditions 
were so small relative to their variability, that 
even this "planned" comparison (see Winer, 1971, 
pp. 478-484) did not yield a significant F value. 
Morcover, the difference between the weak adding 
result obtained in the untimed condition and the 
mean of the averaging results obtained in the four 
timed conditions was not significant. The grand 
mean of —1.60, however, was statistic: ly signifi- 
cant (p < .02) in indicating tha aging results 
were obtained. 
, We also replicated Anderson's (1965) finding of a 
highly significant set-size effect, i.e., an increase in 
the polarity of the evaluative rating given to a 
met EN Bb Uus eer of nearly equally evalu- 
oe ae oh d compound stimulus in- 
s, the mean of the adding-averaging 


t ave 
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scores, which were computed for each S by taking 
the sum of the differences, (HHHH) — (HH) and 
the analogous differences for the. M*, M^, and L 

j s was 5.61, F (1, 60) = 95.84, p « .0001. 
ze of the effect was not significantly affected 
by either conditions or replications, or by the evalua- 
tion of the adjectives. 


In sum, we found an averaging effect and a set- 
size effect as did Anderson (1965). We did not, 
however, find any significant effects due to instruc- 
tions, format of presentation, or timed vs. untimed 
presentation. 

Discussion. |t is apparent that our specitic ex- 
pectations concerning the effects of instructions and 
format of stimulus presentation were not met. 
Perhaps more powerful manipulations of these fac- 
tors would have revealed an effect. 1t also may be 
that averaging effects dominate when large sets of 
adjectives are considered, and that the factors 
discussed above make a difference when smaller 
sets of two or three adjectives are considered. Be 
that as it may, the averaging result seems to be a 
more robust phenomenon than we had thought. 


N, N. H, Averaging versus adding as a stimulus- 
bination rule in impression formation. Journal of Es 
perimental Psychology, 1965, 70, 394-400. 
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EFFECTS OF ASSOCIATIVE REACTION 


RECALL 


RONALD LEY? anp JEFFREY DEAN 


State University of New York at Albany 


Two groups of 12 Ss each were tested for free recall on four lists of eight 
CVCVCs each. One group was tested on four mixed lists: lists balanced with 
respect to short- and long-latency (SL and LL) associative reaction time (RT) 
units within levels of high and low meaningfulness (HM and LM). The other 
group was tested on four unmixed lists; each list was homogencous with respect 
to RT and M, and the same 32 CVCVCs were used as for the mixed-list group. 
Recall performance of the two groups 
did not interact with either RT or M. High-M units were recalled more fre- 
quently than low-M units, but the effect of RT was limited to low-M units. 


Recent experiments on the effects of associative 
reaction time (RT) in paired-associate learning and 
free recall (e.g., Ley, 1968; Ley & Locascio, 1970; 
Locascio & Ley, 1972a) have employed mixed lists, 
ie, lists composed of short- and long-latency RT 
words and paralogs within levels of high and low 
meaningfulness (M). This mixed-list procedure has 
been criticized on the basis of what Underwood 
(1966) has called priority habits; Underwood has 
proposed the hypothesis that Ss, through past 
experience, may develop performance habits which 
differentially affect their learning of different types 
of verbal units. Thus, the results of experiments 
dealing with the effects of stimulus characteristics 
on learning may be a function of priority habits 
(functional stimulus differences) rather than of the 
characteristics of the stimuli Z manipulates (nominal 
stimulus differences) if a mixed list (heterogeneous 
verbal units within a list) is used rather than an 
unmixed list (homogeneous verbal units within a 
list). 

Although there has been little systematic study 
on the issue of the effects of mixed vs. unmixed 
lists, it is tenable that the consistent recall superi- 
ority of short-latency RT units over long-latency 
RT units, reported by Ley and his associates (e.g., 
Ley, 1968; Ley & Locascio, 1970; Locascio & Ley, 
1972a), may be a function of the mixed list. 

The purpose of the present study was to deter- 
mine whether the mixed list (lists containing short- 
and long-latency RT units within two levels of M) 
isa factor in free recall. If the mixed list is a factor 
in free recall, then free recall of units presented in 
unmixed lists (lists containing the same verbal 
units used in the mixed lists, but homogeneous with 
respect to RT and M for a given list) should differ 
from free recall of units presented in a mixed list. 
Furthermore, if the mixed list is in part responsible 
for the effects of RT within levels of M, then an 
interaction between type of list and RT might be 
expected. 


1 This research was supported in part by a State University 
of New York Research Foundation grant-in-aid to the first 
author, The auth vish to thank Edward Tesiny for his 
assistance in the colle 1 of the data. 
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TIME AND MEANINGFULNESS IN FREE 
OF MIXED AND UNMIXED LISTS! 


"ae Er Ail allel eel 


was not different, and the list factor 


Method. The Ss were 24 graduate students from 
the State University of New York at Albany (13 
males and 11 females) enrolled in a graduate course 
in educational psychology. All Ss were naive with 
respect to previous experience in verbal learning 
studies. 

The materials were 32 CVCVC verbal 
selected from the 319 units assessed for scaled 
meaningfulness (m') by Locas and Ley (1972b) 
and for RT by Taylor and Kimble (1967). Using 
m' as the primary criterion, 16 CVCVCs_ were 
selected which had short-latency (SL) RT values, 
8 from the high-meaningfulness (HM) end of the 
m' distribution and 8 from the low-meaningfulness 
(LM) end of the m’ distribution; and 16 CVCVCS 
were selected which had long-latency (LL) RT 
values, 8 from the HM end and 8 from the LM end 
of the m’ distribution. 

All verbal units with an m value of 2.00 or less 
were chosen as representative of LM. The RT 
values of this LM sample were then taken from 
Taylor and Kimble's (1967) list. The mean (X 
and standard deviation (SD) of these RT values 
were calculated. Verbal units which fell one Of 
more SDs below the X were considered for the 
purposes of the present study to be SL-LM units, 
and verbal units which fell one or more SDs above 
the x Were considered to be LL-L.M units. Eight 
D CVC verbal units were then selected from each 
of these RT group: he same procedure was use 
in selecting the HM-SL and HM-LL verbal units- 
The m' and RT values for each of the 32 CVCVCS 
selected are given in Table 1, from which it can be 


seen that the mean m’ values of the SL and LL RT 
Verbal units are essen 


HM and LM levels. 


, the 32 CVCVCs were divided into four mixed 
lists, balanced with respect to SL and LL RT within 
levels of HM and LM; and four unmixed lists, 
pouiomnenons with respect to RT and M. The mixed 
ists were constructed by randomly dividing the 32 
CVCVCs into four lists, with the ch that 
each list contain 2 CVCVCs from each of the four 
classifications (HM-SL, HM-LL, LM-SL, and 
LM-LL). The order of the CVCVCs on the four 
mixed lists was random with the qualifications that 
(a) each classification group had one unit in each 


units 


i) 


tially the same within both 
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ze 


Jd H 
MEAN ASSOCIAT crios Time (RT), Meas RAttb 
ASSOCIATIV cv AN SCALED 
: MEANIN On’ CVCVC 
HS OF THE ^ 
Unmixed Lists 
RT EP | os m 
7 " | 
High meaningfulness | | " 
Short latency | 1.88 4.05 
1.80 4.00 
1.78 4.00 
1.84 3.58 
1.81 1.26 
1.90 3.20 
LILAC 1.91 4.10 
DIVAN 1.86 294 | 
Long latency FAVOR 3.70 
BASIS E 
HABIT 3. 
RADAR EX 
RUMOR 4 
R 3 
VICAR 2. 
CYNIC 3 
Low meaningfulness - 
Short latency JUREL 1.72 1.09 
GORAL 1.01 P 
RATAL 1.60 
LIMES 1.00 
NEROL IE 
SALC 1.54 
TON 1.69 
BOLUS 1.66 
Long latency ZUREN 1.48 .70 
XABIN 1.87 1.27 
MENAD 1.64 97 
VUTAW 1.36 .36 
HYRAX 1.66 1.00 
NIDUS 1.62 S4 
1.66 


half of the list, (b) no two units of the same class 
fication group appeared consecutively on a list, and 
(c) the position occupied by units in each classifica- 
tion group in each half of the list was different for 
the four lists. The unmixed lists were constructed 
by dividing the same 32 CVCVCs into four lists 
corresponding to the four classifications (HM-SL, 
HM-LL, LM-SL, and LM-LL). The order of the 
eight CVCVCs, homogeneous with respect to RT 
and M, was random within each unmixed list. 

A practice list, containing eight different CVCVCs, 
was constructed in the same manner as the four 
mixed lists. The practice list was similar to the 
mixed lists, i.e., the units were selected from the 
remaining CVCVCs assessed for m and RT. All 
CVCVCs were typed in capital letters and photo- 
graphed for presentation on a Kodak Carousel slide 
projector. 

The Ss were instructed to try to learn the 32 
CVCVCs in a free-recall task under a silent re- 
hearsal mode of study. 

An equal number of Ss (n = 12) was randomly 
assigned to each of the two list conditions: mixed 
lists and unmixed lists. The Ss were tested. in 
groups of three by the same E. The three Ss of 
each group were seated in front of a screen and read 
standard instructions explaining the study procedure 


TABLE 2 


E CVCVCs og SHORT- AND LONG- 
R (RT) asp Loy 
RECALLED UNDER 
» List CONDITIONS 


RT Mixed 


Low meanin, 
si 


|— 
5 y 142 m 
Long latency 1,70 1.07 
High meaningfulness | 
Short 1 E 1.56 4.92 1.73 
Long late nas) | 800 Val 


to be followed and the recall procedure which would 
be employed. The mixed practice list was then pre- 
sented to Ss with each unit presented at a «sec. 
rate by means of a timed slide presentation. 

Following the presentation of the practice list and 
study by Ss under the instructed procedure, the 
projector was stopped and Ss were given 90 sec. to 
print the presented units of the list on the appro- 
priate page of a 5} X 8} in. booklet. Immediately 
following the recall period for the practice list, the 
four test lists were presented. Each test list was pre- 
sented at a 4-see. rate, followed immediately by a 
90-sec. recall period. A 20-sec. interval was Cm- 
ployed between the end of one recall period and the 
presentation of the next test list. The Ss were in- 
structed to print the CVCVCs recalled on the pages 
of a booklet provided by E. The order of the four 
lists was counterbalanced so that each list was pre- 
sented first, second, third, or fourth an equal number 
of times. This procedure also provided for a counter- 
balancing of sequence. If a unit was correctly 
printed by S, a score of one was given; if a unit was 
incorrectly printed, a score of zero was given. 

The design employed was a mixed factorial in 
which list conditions (mixed or unmixed) was à 
between-Ss factor, and RT (SL, LL) and m’ (HM, 
LM) were within-Ss factors. 

Results. The mean numbers of CVCVCs recalled 
under the mixed and unmixed list conditions are 
given in Table 2. The differences between the 
mean number of units recalled under the mixed list 
was not significantly different from the mean num- 
ray 2 units recalled under the unmixed list, F (1, 22) 
mot iiu a i P wg the list factor did 
with M, F a oe F (1, 22) = .04, p > 05; 
Mt eds PI YN C RR 

Consistent witl tt is dendi. 4 E i 
sociates, high-M E. RE of Ley and his as- 
than low-M utis l FO Srodtpalled move fneiilient y 
Although the pesce i e Hos P = “OOF 
ant, F (1, 22) = 2.66, 5 : at RT was not SUP. 
Tait (X Be i ee Ra -05, short-latency RT 
long-latency RT units n. ed more frequently pM 

š 2 S (X = 1.97), t (23) = 3.95, 
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p «€.001. The RT XM interaction was not sig- 
nificant, F (1, 22) = 1.59, p > .05. ; 

Discussion. The results of the present experiment 
do not provide any evidence that free recall of verbal 
units presented in mixed lists differs from free recall 
of the same units presented in unmixed lists. The 
absence of any interaction between the type of list 
and RT or M, and the remarkable similarity be- 
tween recall scores of the mixed and unmixed lists, 
provide support for the validity of the mixed-list 
procedure used by Ley and his associates (Ley, 
1968; Ley & Locascio, 1970; Locascio & Ley, 1972a) 
in their demonstrations of the effect of RT in verbal 
learning. 
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laterally displacing prisms manipulated 
It was found that qualitatively different 
functions, v hifts in localizations t 
errors. However, the nature 
as a function of the 
were consistent with 
adaptation. 


isual field. 
ition 
ns re 


and magi 
source and amount 
an information-prc 


It has been vell do 
compensate for 
duced by wedge 
place the visu 


cumented that Ss can 
errors of localization in- 
prisms that laterally dis- 
al field, However, the nature 


s underlying this adaptation 
ect to debate, 
ation-processing 

suggested by a number of Investigators 
E.g. Freedman, 1968; Howard 1970; 
Uhlarik & Canon, 1971; Wohlwill 1966). 
explains the Process of adaptation by the 
underlying assumption that adaptation 
evelops as the result of accumulated in. 
formation regarding the nature of the dis- 


cordance Produce 7 
ec Produced by the Sensory rear. 
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PRISMATIC DISPLACEMENT 
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University 

arrangement consisting of prismatic 
pendent exposure conditions differed 
regarding rearrangement available to 
garding the effe 
Ry 
kind 


ts of looking through 
awareness of the rearrangement. 
s of information served equivalent 
Apensatory for pris n-induced 
of these adaptive shifts varied 
levant information. The results 
ig formulation of the process of 


nitude 
of re 
)Cess 


rangement. During conditions of norma 
sensorimotor coordination, inputs regard- 
ing spatial referents provide complementary 
or correlated information. Rearrangement 
represents instances of artificially induced 
conflict between typically correlated in- 
puts such as vision and e ae 
Adaptation refers to the process by which 
the conflict is reduced or eliminated so that 
the inputs are once again congruent and 
the observer is capable of accurate sensori- 
motor coordination. 

According to Wohlwill (1966), adapta- 
tion. involves many inputs or channels, 
and what is critical is “the system of in- 
terrelationships linking those particular 
channels, rather than any particular chan- 
nel such vision or proprioception 
Cp. 205]" In other words, information of 
any sort regarding the altered state of the 
System is hypothesized to be sufficient to 
Serve as the basis for adaptation. In con- 
trast, other positions focus on the necessity 
of a single kind of informational input or 
channel. For *Xaüiple, Held and Hem 


as 
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(1958) consider reafferent Aera pa lies 
he single condition necessary for ge $i 
E. ation. It is probable that the feec 

epe aided by reafference is an excellent 
Po» information sufficient to produce 
ionem ich However, Wohlwill (1966) 
FS that "in its absence, other types, 
bus ee or even purely cognitive, 
= serve an equivalent function Sem 
The broad purpose of the Present d A e: 
to determine the functional Pme iced i 
different kinds of information for t 1e adap 
1 3 cess. 

xc. o between various theore- 
tical positions become more es apon 
examining the implications of a specific 
infi mation-processing formulation, Ac- 
net to Canon (1970, 1971), the nature 
aee of adaptation Should vary as a 
ceo of which informational input is 
d to during conditions of rearrange- 
atte 


t. Inputs not attended to will be 
eat to be congruent with those to 
AL Ss are attending or using as the 
wW & 


basis for making sensorimotor localizations, 
da 


information. 
rocessing formulation was tested by vary- 
p s 


i the different kinds of exposure condi- 
md s that Ss experienced. The assumption 
ee the differences in training pro- 
: E Jures represented qualitative and quanti- 
ae re differences in the information avail- 
A ween rearrangement. One condition 
(scenitive feedback) provided information 
to S in the form of verba] feedback regard- 
; rrors of localization, The Ss in this 
Bi diim were required to make pointing 
mer cb of visually displaced targets, 
However, these Ss received no direct feed- 
back regarding the discordance 
the seen and felt positions of the 
cause they were never permit i 
DU limbs while localizing targets during 
ed on Rather, E merely informed Ss 
ne a of localization, Since these 
: at unable to view their pointing 
or after localization, 
target could not be 


between 
ir limbs 
ted to view 


during 
the location 


arriving 
it was as- 
intermodality 
visual 


Was no 


"-— 5 and pro. 
discordance between the and pro 


prioceptive inputs from the limb in 
condition. It js important to note that 
by precluding Ss’ visual impressions of 
their limbs, the reafferent stimulation that 
Held (Held & Hein, 1958) would con- 
sider to be Necessary for adaptation Was 
eliminated. 

A second exposure condition (concur 
display) primarily contained 
regarding intermodality 
this condition, § simply 
back and forth on 


this 


rent 
information 
discordance, In 
Moved his limh 
a pivot board, No 
targets were Present during this Period, 
Hence, there Was no explicit information 
regarding errors of localization, This train. 
ing Procedure is referred to as a “concur. 
Tent display Without targets" (Howard, 
1968) because (a) S simultaneously sees 
and feels the Position of his limb during 
exposure to rearrangement, and (5) there 
are no targets Present to localize, The 
intermodality discord this condition 
stems from between the 
Visual and Proprioceptive inputs regarding 
the location of Held (e.g., 1968) 
has used almost exclusively this king of 
exposure condition to Provide Support for 

nt model of adaptation, As a 


formulations Proposed by Held 
and his associates (Hardt, Held, & Stein- 
bach, 1971; 1968) deal 


only with 


* condition, whi 
uce adaptation if Held’ 
€nce is correct, 

A third conditio 


Not pro. 
S theory of reaffer- 


n (terminal displ 


ay) con- 
tained information regarding both error 
feedback and intermodality discordance. 
Here, 5 was 


required to 
targets and was 


limb at the termir 


localize visual 
able to view his pointing 
nus of its extension toward 
the target, 


Thus, errors of pointing were 
apparent to s when he viewed 


9 a “terminal dis- 
ard, 1968), 


at all of the condi. 


play with target" (How. 
It was Predicted th 


tions would produce adaptive shifts in 
Measures of pointing localizations. Pur- 
thermore, it was predicted that the magni- 
tude of these shifts would vary as à 
function of the amount of information avail- 
able to Ss during exposure to rearrange- 
ment. Specifically, the adaptive shifts 
Should be of greater magnitude for the 
terminal display condition than for either 
the cognitive feedback or concurrent dis- 
play condition. This prediction was based 
on the assumption that the terminal dis- 
Play provided the greatest amount of avail- 
able information in that Ss received both 
target-error information and information re- 
garding intermodality discordance, whereas 
in the cognitive feedback condition Ss re- 
ceived only target-error information, and 
in the concurrent display condition .Ss 
received only information regarding inter- 
modality discordance. 

In studies of adapt 


ation to prismatic dis- 
E placement, 


Ss may or may not be con- 
Sclously aware of the presence of rearrange- 
Ment. For instance, in the case of concur- 
rentdisplays with no targets Ss are typically 
unaware that the visual input has been 
transformed, Apparently the dominance 
of the Visual input in this situation pre- 
Cities explicit knowledge that there is 
oe ne between visual and propriocep- 
Boel Pas (Hay, Pick, & Ikeda, 1965; 
late 1966). onversely, the 
dinh) act information under 


and COgnitive feed [e 
dÉ eedbac 
makes explicit i 


a 


presence of 


S that some aspect of normal Sensorin E 
Coordination has) been transformed Po 
order to control for these differences l : 

i tw een conditions and to further investi kis 
the Importance of Cognitive f; E th 

" prism i 


adaptation, 


Actors in 
lj a secon c 
manipulated i i ? 


ariable was 

awareness of the presence 
acement, Specifically, 
SS were em. 

awareness Ss 
nature of the rez 
its introduction a 
Prism aw. 


ir- 
nd 


i removal 
Awareness). Under 
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rearrangement either during its introduc- 
tion nor during its removal (no prism 
awareness). 


METHOD 


-pparatus. ‘The appratus is described in detail 
elsewhere (Uhlarik, 1972). Basically, it consisted 
of a horizontal panel mounted above the top surface 
of a table. The S was seated facing the apparatus, 
and pointing localizations were made by reaching 
under the panel. The panel had an opening thag 
permitted S to view his limb during conditions 
that allowed visual feedback; the opening could 
be covered for conditions that preculded visual 
feedback. ! 

The target display consisted of a vertical panel 
perpendicular to S's line of sight. The panel wa 
approximately 56 cm. from the frontal surface ol 
the cornea of S's right eye and was curved to a 
radius of 57 cm. The panel could be transillumi- 
nated with a movable target light that subtended a 
visual angle of .5°. The light could be transported 
on a track that was curved to the arc of the stimulus 
display panel and was mounted on rubber foam. in 
order to preclude extraneous auditory cues during 
movement. The horizontal plane through which 
the light moved was 1.5 cm. above the top surface 
of the horizontal panel. : 

A second set of stationary targets consisted. of 
live vertical lines that E could place on the back 
edge of the opening in the horizontal panel. These 
lines were 2 mm. wide, 5 cm. apart on center, and 
labeled A, B, C, D, and E. The lines extended down 
to the top of a coil that served as a position 
transducer. 

The Ss made localizations by attempting to touch 
that part of the position transducer that corre- 
sponded to the designated target. The position 
transducer was mounted on the side of the vertical 
stimulus display panel facing S; it was located 3em. 
below the horizontal Panel and circumscribed the 
100° are of the stimulus display. The S wore a 
plastic finger splint taped to hi right index finger. 
Pointing localizations were made by touching a 
metallic conductor on the end of the finger splint 
to the position transducer. 
electrical circuit that 


"This act completed an 
provided a signal that was 
linearly proportional to the position of the stylus on 
the coil. The signal registered on a digital display 
voltmeter and was recorded by E, who was seated 
out of S's field of view. 


The S viewe 


d the stimulus display with his head 
held in position by a biteboard throughout the ex- 
periment. When n king the dental impr $ 

the biteboard, .S w: instructed to position himself so 
that the center line, labeled C, appeared to be 
straight ahead of his right eye when viewed 
monocularly. 


Visual displacement to the le 


; ft or right for the 
right eye was produced 


by a Risley rotating prism 
(Bausch and Lomb No. 7148-59), During condi- 
tions of optical rearrangement the prism was ad- 
Justed to a strength of 20 diopters, which laterally 
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displaced the visual field 11.35, xd Eid ras 
mounted in the right eyepiece of a € 
goggles. The left eyepiece sponte : Pun 

Experimental design and subjects. 2 : e^ Te 
between-S eae ce be employed. 

i nde iables include d í i 
EA prism awareness, partial prism 
awareness, and no prism awareness), three aoe 
conditions (terminal display, Concurrent rend 

nitive feedback), and prism orientation (t ase le 
aa base right). The latter variable was included 
a counterbalance direction of Prismatic ae 
ment. Three different dependent measures ol 
egocentric localization (visuomotor, propriocep- 
tive-motor, and visuo- proprioceptive-motor) were 
obtained. 

One hundred and four. college ergraduate 
served as Ss in the experiment, Participation in 
Psychological research Permitted them. to earn extra 
credit in the psychology course in which they were 
enrolled. Right-hand dominance and an absence of 
a history of astigmatism were Prerequisites for the 
experiment. Four 25 were rand 
each cell of the factorial design. 

ssigned to each of two cor 
be described below. 
eliminated from the st 
tional Ss; one had diffi 
the other seven displ 
pre- and/or postme; 
"straight ahead," 
localizations w; 
the data. 

Procedure, 
and the mann 


undergraduates 


were 
udy and replaced by addi- 
biteboard and 
reater than 8° on 
al or Proprioceptive 
n for Consistency of 
as established Prior to collection of 
To familiarize § With the 


er in which he was to make 
tions, Practice trials Were give, 
at 0 diopters, The room ligh 
opaque panel was removed so 


and the 
The S made 15 pointin 


his arm, 


0 izations by alternately 
touching two Visible targets on the coi] with the 


stylus attached to " 
i ice Pointing strai 

was instructed to use his 

eferent for 


a 


body 
of his nose, 


Practice loca 


SE 
Next, a Series of Preexposure me 
different types 


‘asures of three 
rism still Set at 
ons Were mz 


by reaching und 
ack panel that 

zontal surface of the 
fixed in the Straight. 
and no visu; 
Was possible, The 
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shielded from 
very dim light on E's control panel shieldec 
S's field of view. 


ig 
saw as straight ahead. T he 
S illuminated in se 
riphery of S's field of view, and S indicated pers 
tion to move the light by pressing a s NE 
Signal button. The E would move the ligi T Sri 
direction specified by S, There was no time s uet 
responding and S was instructed to repeat this p pe 
cedure, including as many reversals in directior i 
Were necessary, until the light appeared to be in vnd 
position that was straight ahead, his measure v 
Tepeated four times starting at alternate sides in 
Periphery of the Monocular field, 
Another Measure, termed 
PM), involved the limb posi 
feeling straight ahead, It w 
S point straight ahead with r 
visual feedback f, 
instructed to clo; 
by touching th 
the stylus, jy 
and told S$ to 
table. This m 
The fin: 


Proprioceptive-motor 
tion that .S selected as 
i : y 

as obtained by having 


10 visual target and no 
rom the pointing limb, The S was 


5e his eyes and point straight ahead 
© appropriate place on the coil with 
reading on the meter 
to the surface of the 
aS repeated four times. 
al measure required to Point at a series 

' again with no visual feedback 
limb. Since this measure would 
ct both visual and Proprioceptive 


ed the Vistio-proprioceptive-motor 
The E illumin 


of visible targets, 


ated the target light 
In the appropriate position, and .S made his locali. 
tion of it by i the Appropriate place on the 
coil. Th 


hen he felt he w 
en returned his hand to the 
"Ive target Positions go 6? left, 6° r 
and 129 right —were 
Presented in 4 random] 


target was Presented Once a 


vas on target 
able surface. 
ight, 12° left, 
targets were 
ned order, The 


1 “ach position with the 
exception of the ge Position which was presented 
twice, 

The order 


of Presentation of 
balanced, 


€ taken first, 
€ always obtained last. 

Measures Ẹ ; 
inder the tops 
Is, and adjusted the Prisms 


Following the 
nated two 15-,y, 
of the apparatu 
Strength of 2¢ 


to a 

For half of the Ss dis- 

Placement was to the left, and for the remainin 

half it was to he right, Three different Conditions 
Were used to Inform Ss of th 


he effects of the 


o Condition 
$ 9 close their eyes while & ma 
adjustments i 


: : n ade some 
in the equipment, 7 "he Ss Were told 

that the Teason fo, teeping their eyes closed Was t 
ig d stat of as tk adapta tion Constant 
MS perio, Changed stre: B 

Prism from Q to 2 4 j Eth en 
Justment w hile 5 i s 


es; E viewed 
i sure Compliance with 
"Mediately: lore and after this 


ee B field of view contained only the 
ae " lack surface of the unlit stimulus 
Pod J P l, thus precluding the possibilities of S's 
OMEN rs lange in his visual environment after he 
Re fied eyes. Following adjustment of the 
apropriat Annans was arranged so that the 
E MS targets were vis ble on the 
ES s s E he experiment continued. The same 
Paire i o used for this condition following ex- 
ees carrangement when E adjusted the 
À rom 20 to 0 diopters. 
Foe. condition, designated complete prism 
placing rh peated to inform Ss of the dis- 
was told dn s of the prisms. In this condition S 
Koggles A the effect. of the adjustment of the 
With indi. tn spi e the Y l field to one side 
his A P i m urthermore, 5 was instructed to keep 
(which X. i and watch as the field of target lines 
ment) ii es on the display before the adjust- 
tion or the e to the left or right. The counterrota- 
comnts thle prisms in the goggles produced 
Adiisted ar p deni. the Risley prism was 
lised. for e j diopters. The same procedure was 
Sibi vedi following exposure to rear- 
itus when E adjusted the prism from 20 to 0 
pe Ve designated partial prism aware- 
Decameron to inform Ss of the lateral dis- 
Deren yat the end of exposure to the optical 
f de ng ns Thus, a procedure similar to the 
the ud awareness condition was used to adjust 
cedure. 4d nee to the exposure period, and a pro- 
condition H BS to the complete prism awareness 
to the ex was used to adjust the prisms subsequent 
P ure period. im 

as Se to the three different levels of prism 
Or training Wen different conditions of exposure, 
Dorica t MAE were employed. For Ss 
removed 5 g m the concurrent displa condition E 
Poti n Pune in the. horizontal surface of the 
during is E allowed S to v iew his hand and arm 
Divot B sure. The S's limb was strapped to a 
rotated a ; mtouritodion the table. This pivot board 
a 25° are in the horizontal plane. The S 


Was j 
^ Instructe vatcl Hap * " 
Moved hi ted to watch his right index finger as he 


s arm back and forth in rhythm to an 
‘k occurring every 3s The S's index 
Es au. oM of view during the entire ex- 

e . here were no explicit targets to 


Audible click 
Inger Wa 
Dosure 


Ks AW were allowed to rest for 30 
ay through the 30 trials i e ex 
- * conditions, rials of all three ex- 
le te inz $ T" 
five atithulue te display condition S localized the 
s fines labeled A, B, C, D, and E. The 
d 5 i QD 3 
ing to the E ont and point to the line correspond- 
er designated on a prerecorded tape 
hand to the starting position on 
izontal distance f he starti 
iver, sti rom the starting 
sec, d vas 38cm. A letter was called out 
ied an equal Po h of the five targets was desig- 
mineq Pra mbar of times in a randomly de- 
ee tides i ur 
r the terminal display condition 


Dosure 
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CMT Ways 


a special panel was installed in the opening in the 
top surface of the apparatus. This panel permitted 
S to view only the stylus only when his arm was 
extended and touching the vertical panel in the area 
of the exposure targets on the stimulus display panel. 
The Sv nstructed not to make corrections should 
the target be missed, but rather to try to be more 
accurate on subsequent trials. Ss in this 
condition received visual feedback regarding local- 
izing movements only after the movement had been 
initiated and was near the terminus of excursion 
toward the target. 

In the cognitive feedback condition S localized 
the same set of stimulus targets employed in the 
terminal display. However, in this condition the 
entire top surface of the apparatus remained covered 
it was during the pre- and postexposure periods. 
feedback regarding 


Thus, S re no visual 

target localizations made during the exposure 

period. Rather, E informed S verbally how close 
get line. The 


the stylus was to the designated tar; i 
verbal feedback was given at the terminus of a 
localization to the nearest } in. left or right. 
Following the exposure period E adjusted the 
prism back to 0 diopters according to the appropriate 
prism awareness condition. The apparatus lights 
were turned off and the full horizontal panel was m 
place for all groups during the subsequent post- 
exposure measures, The order and presentation 
conditions were the same as those employed during 
the preexposure measures. 
In addition to the nine different experimental 
conditions there were two control conditions. The 
pre- and postexposure measures were obtained under 
identical conditions for the experimental and control 
groups. The Ss in one control condition (D made 
pointing localizations of targets with no optical dis- 
placement during the exposure period. The appa- 
ratus was in the same configuration as was used for 
the cognitive feedback condition during exposure: 
Half of the Ss received verbal error feedback in this 
control condition and the other half received ng 
feedback regarding the accuracy of their pointing 
localizations. Thus, any shifts in localizations pro- 
duced solely as a result of making pointing localiza- 
tions, with or without feedback, would be mant- 
fested by these subgroups in this condition. In 
the other control condition (II) Ss made only visual 
localizations of targets with optical displacement; 
no pointing localizations were made during the ex 
posure period. Again the apparatus W s in the 
configuration used for cognitive feedback, and SS 
merely looked at the appropriate target as its letter 
was designated on the prerecorded tape. For hal 
of the Ss in this condition displacement was to the 
left and for the other half it was to the right. Thus 


: E deser 3 E 
shifts in localizations produced by viewine 
prism would be man! 


any 
targets through a displacing 
fested in Control Condition IL. 


RESULTS 
- interest in this study 
exposure 


The data of primar 
came from preexposure to post 
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TABLE 1 
MEAN ADAPTATION Scores (IN DEGRE ss) 
Measures E 
Exposure condition Prism awarenessa vu | PM VPM 
6.1 **** 
um n 14 
Terminal pay with m | | ed Ko 
target PPA EN (216) (#10) 
2 Qeee+ 2:9 3.3 
CEA (3:122) (44.9) (#13) 
Overall Qe | 1.9 4.6 
e (41.1) (42:1) (= .8) 
SKK 
i pa 1.8* L7 4.5* 
Cognitive feedback with NPA (3:23) | (323) (2.7) | 
target PPA | 14 = 6 14 
i (2:22) (3:2.6) (41.3) 
CPA 2.988 1.8 1.1 
; GELA) (4.9) GEL) — 
Overall 2.0**s+ 1.0 2.3 
(41.0) (41.9) (+1.2) 
isplay NPA xiu | 2.7%% 1.8* 
Concurrent display 5 2:5 1:5) 
without target PPA | i | a ^ (+ E 
(2:2.3) (2:2.9) (£1.7) 
CPA 8 1.2 E 
(1.5) (2.6) (+1.7) 
Overall no 2,399 .9* 
| (1.0) | (1.4) (% .9) 
Control I. Pointing-no | — | 1.0 3 
displacement | | (1.0) (1.9) (1.1) 
Control II. No Pointing- | | Ej | 2 E 
displacement (2:1.8) | (3-210) (41.0) 
| | oe 
Note. Numbers in parenthe sare 95% confidence intery, he data presented in this 
tions sor Control I and Over prism orientatio; 


ditions, 


ns for all othe 
$ of prism awareness: NPA = ss; PPA 


T 
no prism away ene: 


table were pooled over feedback condi- 
= partial prism aw; 


awareness; ang CPA = 
tor; and VPM 


= complete prism 
= visuomotor; PM = broprioceptive-mo 


= “SUO-Dropriocetive-motor, 


difference Scores on the VM, PM 
measures. For conditions į 
matic displacement these di 


,and VPM 
nvolving pris- 


Scores for the contro] g 
flerence scores 


roups. As indicated 
in this table, it w 


as found that in all but 


| all Scor One case (concurrent display-complete 
Were signed such that Positive entries In- prism awareness) the e 
dicated that the Shifts in mean localization i 


experimental treat- 
d significant adap- 
alizations for at least one 
n contrast, the control 
l no shifts in localiza- 
Significantly different from 

Tepeated-ni 


were in the direction 
prism-induced error. For the control condi- 
tion in which there was no prismatic dis. 
placement (1) the differences Were arbi- 
trarily signed Such that positive entires 
represented shifts to the right and negative 
entries shifts to the left, 


Table 1 represents these 
scores obtained for 
conditions an 


compensating for 


asures, 
conditions Produced 
tions that were 
zero. Separate 
domized-block 
Were used 

Within each 
Condition | 


"dSüres, ran- 
-design analyses of Variance 
lo test. for Possible differences 
control condition, In Control 
neither the Main effects nor 

‘areness the interaction for feedback and measures 

groups and similar wag Statistically significant, Similarly» 


mean difference 
the various exposure 


for the experimental 


[ 


s 


SN 
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MEAN DEGREES 
m w 
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o 


TD 
EXPOSURE CONDITIONS 


Fig " 
Uien, 1. Mean visuomotor (VM), propriocep- 
(VPM) qi (PM), and visuo-proprioceptive-motor 
feedback (ery terminal display (TD), cognitive 
e^ 7) and concurrent display (CD) ex- 
Posure conditions. may ae 


there 
inte, Ere = significant main effects or 
Bures i m or prism orientation and mea- 
lao E ontrol II. Prism orientation was 
Puts Pg ue for the analysis. of 
B acted * thie experimental conditions 
FR m l elow. Thus, in Table 1 the 
condite ponm over the two feedback 
nays ng or Control l and prism orienta- 
noT all other conditions. 
ni, presents the results of a repeated- 
ysis of E randomized-block-design anal- 
Or the ariance of the adaptation scores 
T experimental groups presented in 
As indicated in Table 2 the main 
Statistic exposure condition (A) was 
ion i significant, as was the interac- 
Sure y. e ERREUR condition and mea- 
reflects j The significant A main effect 
OF the | je relatively large overall shifts 
Pared Nig nga display (X = 3.0°) com- 
the ed he relatively smaller shifts for 
ce E e feedback (X = 1.8?) and the 
down ipm display (X = 119) A break- 
" Fs diari ge the combined. shifts 
Day sid ET eedback and concurrent dis- 
accounted age for the terminal display 
main effect, % of the variation in the 
Q The me: 
in the A of the conditions represented 
the entries te Interaction are contained in 
Figure poo labeled “Overall” in Table 1. 
leally., E this interaction. graph- 
able 1 it can be seen that the 
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VM and VPM shifts were significantly 
greater than zero for the terminal display 
and cognitive feedback conditions, while 
the PM shifts were nonsignificant. For 
the concurrent display the opposite rela- 
tionship for the VM and PM measures 
obtained. There was also a smaller but 
statistically significant VPM shift for the 
concurrent display. A breakdown that 
compares the average of the terminal dis- 
play and cognitive feedback conditions 
with the concurrent display condition for 
the three dependent measures accounts for 
88% of the variation in the A X D inter- 
action. This indicates that the significant 
variation represented in the A X D inter- 
action was due primarily to variation in the 
relative magnitudes of the VM, PM, and 
VPM measures for the concurrent display 
compared with the magnitudes of these 
measures averaged across the terminal dis- 
play and cognitive feedback conditions. 
The variation in the interaction between 
the variables of prism awareness (B) and 
measure (D) was not statistically signifi- 
cant. However, it can be seen in Figure 2 
that most of the variation in this interac- 
tion was in the values of the VPM mea- 
sures for the different levels of prism aware- 
ness. The A X B X D interaction 1n 
Table 2 was also not statistically significant. 


Source of variation | ar MS Lo 
Exposure condition (A) |, g Di 
Prism awareness (B) | 2 2.4 
Prism orientation (C) | 1 F oi 
XC | 3 236 
Bx E <1 
BxC j 2 um 
AXBXC E 2. 

Error (a), Ss (ABC) | 54 | | 
Measure (D) 2 i 1.73 

) 4 5 2.88 

BX D 4 | 1252| 140 
CXD | 2] 048} <! 
AXB | 8 7:55. | ZL 
AX G | x] 229] si 
Bx å | 3.39} <1 

x 7x D 8| 7.35 | < 

irn Ss (ABO)D | 108 | 11.37 

| 
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The means of the individual cells v ae 
ting to this interaction are ae b 
Table 1. Examination of these ue a sn 
systematic variation in the V ne mea x 
both as a function of prism awareness 
exposure condition. Figure 3 Too de 
VPM data graphically. A aie rie 
of variance was used to analyze wis à 
variation. The main effect for ee 
condition was Statistically significant, F Q, 
63) — 17.23, P « .005, indicating signifi- 
cant variation between the terminal dis- 
play (X = 4.69), cognitive feedback (X = 
2.3°), and concurrent display 
The main effect 
also Statistically ignifi 
9.11, p < .005, indicating 
tion between i 
4.1°) 


Was 


Fu 63) 
Significant Varia- 


ss (X 


awarene 
partial prism awareness (X 


awareness (Xo 1.69), 
Multiple Comparisons of the 


! main effects Wer 


y -05 (cf, Edwards, 
19/2). The interaction between exposure 
condition and prism 


awa reness Ww 


as non- 
analysis, 


significant in this Vp) 
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Fi6;3, Me. 
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itions (TD = ter 
three exposure condition As sean’ 
minal display; CF = cognitive E E en awarenes: 
current display) and three levels of pris 
(NPA 


no prism 


1 ism 
awareness; PPA = partial pris 
awareness; CPA 


E areness). 
= complete prism awarenc 


indicates that 
types of training procedures paires nm 
qualitatively different kinds of in Mr 
Serve an equivalent function, viz., t CON 
of the discordance and hence'a more «di ne to 
ability for Spatial orientation, oe ~ 
an iMormation-processing formulation pers 
ition Necessary to Produce adaptation state 
sert of information regarding the altered $ che 
of such information Base 
nmon for all of the hob wes 
evidenced Significant adaptive shifts deed 
izations, I OWever, it appears that the oe ant 
tively different kinds of information are they 
Unctionally equivalent in the sense that 


aoa ive shifts. 
were sufficient Produce adaptive s 
The actua | and 


Varied as à functi 
information. 
The theory 
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tionship 


ati 
the System, 
factor in cor 


vant 
On of the source of rele 


arik 
Proposed by Canon and Uhlari 
0, 1971. U i 


Pecific 
between 


Calibration of 
vill an the 
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of Information for localizing sti! 


it 
‘ E el 1 
^ accordance with this mod 


T ated (Uhlarik 
that the ph i 


ar- 
[m re to rea 
Ysical Conditions of exposure to 


iS 
Produce differences in the modal 
ada i Pe manifested. | sten 
ent Study were consis ae 
s hypothesized, there gon 
action between the conc 


the 
with the Mode], 


significant inter, 


» shifts’ 
nature of these shi 


; Uhlarik & Canon, 1972] 


: e re- 
el Predicts that the ia : 
hi y p its 
nsorimot;] ae | 
Modality: not utilized | 


INSTRUCTIONS AND ADAPTATION TO PRISMATIC DISPLACEMENT 


Eire and the nature of the adaptive 
B es hs eyed by the V M and PM mea- 
ceniüve Au o the terminal display and the 
met eed ack conditions, visual feedback 
ea re ponang limbs was precluded as a 
esee Ss the targets. Hence, Ss in 
viendo, da were forced to attend to the 
En P SEINER the PM system and the 
ied des a or In both of these conditions 
ME hides relave large and statistically 
shifts = sg Grall VM shifts and smaller PM 
Beater dis Were generally not statistically 
thoneh s NN On the other hand, even 
Ee. ere MA no explicit visual targets 
tha hien in 1 ne concurrent display condition, 
cae F^ sei the opposite relationship 
iren Sand I Ar pce ae In view of the 
through : E dominance when looking 
Pick, & Los ge prism (Gibson, 1933; Hay, 
Agi ned Koda, 1965 Rock, 1966), it can be 
e is Ss 10 this condition would be 
sini hs py to the visual impression 
fhe pa nce E Thus, the PM system would be 
tlie ads E" ed system that should evidence 
ntent PENE shifts. lhe data from the con- 
en Men m TE this prediction. 1 here 
Cic a "Y relatively large and statistically 
is VR E shifts and smaller VM shifts 
The f tr scd greater than zero. 
st uu ing of large VM shifts and small PM 
Sane Papi ul he eg display confirms pre- 
Present i thlarik & Canon, 1971). The 
yv ere ollow a pattern of performance 
i Sleds aie M measures for the concur- 
tially D y wit 1 no targets which was essen- 
search sues as obtained in previous re- 
(Uhliarik a haie display with targets 
acp ria 1971). Thus, the gener- 
Ur conde ormulation is extended, at least 
Hine ions p the concurrent display, to 
btalize Hs ^g which there are no targets to 
Hon. er no other source of error informa- 
greater interest, however, is the 
VI: dum ue wet feedback condition was 
of PET AAN, vieni adaptation in the absence 
hy arn Son E ack that Held (1968) has 
tion. "Tiie sA a pevcssential for genuine adapta- 
VM and VPM AS both significant overall 
pack condition ine "s uie SOEIHUVE feed- 
genuine" sens mply that there was in fact 
E erf sorimotor adaptation and that 
Conscious ee applying some sort of 
decision rule ection to their localizations. A 
of to point consistently to one side 
Conscious ced would be an example of such 
Primarily on eee that would manifest itself 
al visual bone AAEE that involve pointing 
Sets (e.g., VPM measure). Pre- 
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sumably the VM and PM measures would be 
less prone to such conscious manipulation. In 
the case of VM adaptation, for example, an S 
would have to know that adaptive VM shifts 
would be in the direction opposite that of 
adaptive VPM shifts. Thus, the findings that, 
for the cognitive feedback condition, adapta- 
tion was primarily VM in nature militates 
against an interpretation that adaptation was 
due to conscious correction during the periods 
in which the measures were obtained. Because 
Ss have to attend to the PM system in the 
cognitive feedback condition the information- 
processing formulation presented above pre- 
dicts that the adaptation would be primarily 
VM rather than PM in nature. 

it data also support the prediction 
ll magnitude of the adaptive 
ary as a function of the amount 
The terminal dis- 


The pres 
that the ov 
shifts would v 
of available information. 
play, containing both cognitive information in 
the form of target-error feedback and informa- 
tion regarding intermodality discordance, pro- 
duced overall adaptive shifts of greater mag- 
nitude than did either the concurrent display 
or cognitive feedback conditions. The con- 
current display, which primarily contained in- 
formation regarding intermodality discordance, 
produced overall adaptive shifts that were 
slightly smaller in magnitude than those pro- 
duced by the cognitive feedback condition, 
which contained primarily target-error infor- 
mation. However, it should be noted that 
there was confounding between the number of 
movements made during exposure and dura- 
tion of the movements. The experiment was 
designed to control exactly the number of 
pointing localizations made during exposure 
to the terminal display and cognitive feed- 
back with the back-and-forth transverse move- 
ments made during exposure to the concurrent 
display. Movement with the terminal and 
concurrent displays was paced to occur every 
3 sec. For cognitive feedback the movement 
was not rhythmically paced, due to the fact 


that Æ had to measure localization errors and 
S verbally. Each 


provide this feedback to 
localization movement required an average 
duration of approximately 5 sec. for the cogni- 
tive feedback condition. Thus, overall differ- 
ences among exposure conditions could not be 
unambiguously interpreted, because variation 
of kind and amount of available information 
was confounded with duration of and type © 
movement made during the periods 
The variable of prism aware he 
vstematic variation in the magnitude of the 
It is important to note that this 


E) 


VPM shifts. 
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variable did not significantly alter the magni- 
tudes of the VM and PM shifts. This implies 
that the effects of explicit information regard- 
ing the optical effects of the prism alter only 
that measure that is assumed to be most prone 
to systematic conscious correction. Generally 
for all exposure conditions, no prism awareness 
produced the largest VPM shifts and complete 
prism awareness produced the smallest VPM 
shifts. Similarly the terminal display generally 
produced the largest VPM Shifts and the con- 
current display generally produced the smallest 
VPM shifts. ^ Aftereffects such as the VPM 
measure have been typically viewed as the 
manifestation of the persistence of the adaptive 
sensorimotor adjustment that develops during 
exposure to optical rearrangement. The as- 
sumption is that such dependent measures 
are the complement of adaptation and accu- 
rately index the process underlying adaptation, 
Previous research has demonstrated that the 
complementary relationship between measures 
of adaptation and aftereffect does 


not always 
obtain (e.g., Uhlarik & Canon, 1970; Wallach, 
Kravitz, & Lindauer, 1963). Tt has never 
been demonstrated, 


however, whether such 
Variations are due to alterations in the actual 


process underlying adaptation Or in the in. 
direct measures of that process, The results 
of the Present study Suggest that the effect of 
explicit Prism awareness was to produce Varia- 
tion in the most commonly used measure of 
the adaptive Process. That is to Say, the VPM 
measure appears affected While 
the PM ang VM me ain uncl 
by this man ps 
ata indicate 
n because it 
e magnitude 
alteration 


of the ! i 
a adaptation as 


indexed | 
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PROACTIVE EFFECTS OF INTERPOLATED ANCHORS'! 


HADYN D. ELLIS? 


University of Aberdeen, Aberdeen, Scotland 


1 which eight Ss made comparative judgments 
of two objectively equally loud stimuli, Louder and softer anchor stimuli 
occurred. before, between, or after the comparison pair in order to decide 

whether anchors operate proactively (ie. producing an effect on the reception ; 
of the subsequent stimulus) or retroactively (i.e., affecting the memory trace of 
the preceding stimulus). The results are interpreted to mean that anchors act 
proactively. Two subsidiary investigations were also carried out. In the 
first, order effects wer xamined. These sometimes arise as the result of mak- 
ing comparisons of the first vs. the second stimulus as opposed to the second 
vs. the first. No such order effect was found. ‘The second investigation con- 
cerned the effect of the duration of time clapsing between the comparison 
stimuli with no anchor stimulus present. With an interstimulus interval of 3j 
sec., a pronounced negative time error was found (i.e., the tendency to judge the 
second of two equal stimuli to be louder than the first). With an interval of 13 
sec., no such error was observed. 


An experiment was performed ii 


1 the other hand, 
apparent 


i pig the principles of adapta- Va. Lesser anchors, or 
Judgments in . (ALT) to comparative lead to an enhancement of the 
lelson cri all interpolated anchors, intensity of the Va. 
ion that s a makes the implicit assump- In order to test this alternative model, 
darq ide, J anchors pool with the stan- a comparative judgment technique was 
Stimuli X: us (SU as well as previous used that has been described in detail else- 
against wl o an adaptation level (AL) where (Ellis, 1972). Basically, it moles 
is judged or the variable stimulus (Va) the comparison of a "standard stimulus 
Of relroucliz hat is, he envisages a process (Ki) with itself (Xz) while an anchor pue 
"This Rue assimilation. lus (A) is interpolated between them. 
ia TAE certainly fits the published This design, known as the KAK pa 
läm + Mi & Park, 1931; Need- is chosen on the grounds of we dens 
Wherein SE Philip, 1947; Pratt, 1933), The Ss typically fail to realize t hat S prie 
ls anchors greater than the St and K: are equal since the anne 3 oe 
Mate m produce a tendency to underesti- interpolated anchor usually pro H 2 
he latter, while lesser anchors gen- illusion that Ke > Ka, or K, < Kı, depen 


rally Jez : 3 
Y lead to its overestimation. In Hel- ing on whether the anchor is lesser OF 
a Thus far, the 


SOn’s ^ 
tine ed view the AL would be, respec- greater than the stimulus. — ally 
TR. ugh and low. two models under consideration are equally 
& Bs mde ir di could just as well plausible, since both predict boni] To 
POtken of d or by a model involving the sults when anchors are interpola 
: anchor and 6g ca contrast between the tween Kı and Ks vexpolated 
| any changes the Va. This model ignores When, however, anchors are pode 
instead oe in the memory of the St, and instead of being interpolated hoec k z 
L to destin 1o that greater anchors act and. s, ihe two predict quite dil ums 
m si Ss the sensation of the subsequent outcomes. According to DE Do 
— N eid re Kis 
pea a eet was carried out while the author model, gene pex effect produced 
E ading AE e esearch Council Scholarship at not mese 3 i Kı, since in both s 
gis of M, T sity, Reading, England, under the when 5 E, irm the AL against 
will poo! t 


Freisma 
sman. n es 
they On the basis of pro- 


2p; C dUuests f 
is, Den OF reprints should L xu aer d | 
Abe, Departme s should be sent to H. D. A „ is judged. AE, aes 
berdeen, mene of Psychology, University of which Ks 2 "however, the two designs 
Otlang, "ise 8 > College, Old Aberdeen ABO 2UB, actve contrast, : omes: In the 
nited Kingdom, ' ' should result in opposite oULCOIPP" 
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one instance the anchor will Le pre: 
actively on Ky, and in the iA her x ee 
When the anchor follows K», thoug! s c 
should be no discernible effect ot ng k 
the proactive contrast argument, pre 
the basis of retroactive Sonilation ( =e 
to be sure, is not clear here), the anon 
in pooling with K;, should produce the op- 
posite effect to when It is interpolated, 

In addition to testing these models, the 
following experiment aims to discover 
whether response order effects occur in the 
KAK situation, i.e., whether making judg- 
ments of Ky relative to K; produces differ- 
ent results from judgments of K; relative 
to Kə}. Such a difference might be ey- 
pected from the comparative judgment 
literature wherein Standard ys, variable 
judgments have Sometim 
to differ from variable 


ments (e.g. Michels & Helso: 


crated by an Aq 
lator fed through a ba 


Advance Components, 
Ltd. ed binarually via Dy- 
namic arphones to 5, who was seated in 
an Indu s 


double soundproof 
and i i 


Switches, and relays, 
onset and offset Were gradual (20 msec, and 80 m 
respectively), in order to avoid Clicks, 
of events within each trial is illustr, 

In front of § Was à pane] containing a Warning 
light which heralded each new trial and two digita] 
display tubes that served Which 
two of the three ‘ach trial to 
compare in terms of loudness, 

Procedure, When 5 w 
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display 
s3 duration 


" 5 T0 sec 


i i au si a ria l. 
The order and duration (in sec.) of events in each tria 


prises three tones from whicl 


! you must compare 
two. You will, however, b 


€ ignorant of which 
ave heard all three (or 
sometimes only two Will be Presented), W paaa 

i ones, the last will be 
followed by ignition of the two digital Aisplay 
tubes [show], This will read, for example, “2 i 
1," which means that you muse recall the Sen 
tone and Compare it with the first tone. a EE 
must respond either “louder” or “softer” E 
promptly as possible. No “equal” judgments art 
allowed so if you really can't decide, then guess. 


Following this, S's threshold for a continuous 
tone was assessed by the method of limits and Ki 
and Ky set at 60 db. above this value, 

"i tice trials Were then given in order to 
S with the rather 

trials involved rea 


failed to grasp the 
Procedure, In fact, no 5 required remedial train- 
ing. After the. Practice trials Ss were allowed a 
min. break before Proceeding with the first session. 
F i à subsequent day) was 
tblishment and a few 
ion took 80 min. and 
* for each S. In both 
Was given at the halfway 
arizes the dis ribution of the 
* conditions experienced by 
» anchors Preceding (p). interpolated (1), 
re (F) the Comparison stimuli, as well as 

ns, 


Preceded by 

Practice trials, 
the second took 
Sessions a 5-min, break 
Stage. Table 1 summ 
114 trials for the fiv 
each S, i.e, 
and follow; 


The first E 
about 60 min 


sed were 40, 60, and 50 db, 

of these Occurred a total of 60 times 

Ti anchor positions were 

' and the six possible 

va u HL Sire, 2,2 vs. 1, 

«3, 7 VS. 2) each occurred a total of 

30 times, These Were all] Separately randomized for 
Individual Ss, 


h 
a total of 20 times 
number combin 
s. Vs. 


ations (i.e, 
2 vs. 3, 1 a 


eae Condit jon 
30 | Preceding (P) = 
30 nterpolated 1) 
30 | Fo lowing (E) S KKA 
12 | KK 33-60 interval) 
1» | KK 4. - Interval) 
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E were 24 further trials (12 per 
ich only K; and Ka were presented; half of these 
interval) of 34 sec., 
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session) in 


The proportion of judgments Ks < Ki 


and both 
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PROPORTION 
ROPORTION OF JUDGMENTS Ky < Kı FOR EACH 
S vxDER Eactt CONDITION 
Order of judgment 
Ke vs. Ki Ki vs. Ke 
S 
Anchor (db. SL) | Anchor (db. SL) 
40 60 80 40 60 80 
Condition P (preceding) 
1 = 
2 | .s0| .50| 90) 50] 40 
3 A0 .60 T0 10 .80 .50 
1 .60 | 0.00 AO 60 90 .20 
5 0.70 .60 .80 Miu .50 .50 
6 .90 .90 .20 1.00 10 .20 
1 20 .60 .60 .50 .20 .20 
8 10 .80 .60 .80 NIU .60 
-10 .50 50 50 30 40 
= | 
E ee | ed S6] 7 | 5] 8 
Condition I (interpolated) 
: uie. a 
2 A0 .80 1.00 .90 .80 1.00 
3 30 .60 .10 .30 40 .60 
1 .10 | 0.00 -10 30 20 50 
5 0.00 .60 .80 NU 10 .90 
6 70 1.00 -10 .60 -10 .50 
è 7 .10 AO A0 .60 .60 .80 
8 40 .80 1.00 .30 .80 .90 
E 20 .50 30 A0 .30 .80 
x 
24 .59 -70 A 56 45 
Condition F (following) 
50 -10 -10 .90 .50 
0 .10 .20 A0 20 
20 .20 .50 A0 .20 
20 T0 A0 .50 A0 
A0 .60 .60 .60 30 
aon -10 -10 1.00 .50 
.00 .60 .90 .80 .80 
-60 50 20 .A0 .30 
-48 ES! 3 .63 40 


Ki judgments they we 


Ke judgments compatible 
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psed across order condi- 
P (preceding), I 


Fic, 2. The proportion 
at each anchor level (colla 
tions) for the three conditions : 
(interpolated), and F (following). 


orders of judgment are given in Table 2 


and illustrated in Figure p^ 4 

'The data were submitted to an analysis 
of variance, which indicated a significant 
Anchors X Conditions interaction, F (4,2 
= 15.28, p < .001. None of the interac- 
tions involving the order-of-judgment fac- 
tor were significant, $0 the data were col- 
lapsed and each condition analyzed for 
anchor effects by an Ss X Trea 
ysis. Both Condition P and 
yielded significant anchor eff 
= 4.1 and 10.4, respectively ; r 
dition F produced an F2135 


significant. - 1 
Condition P differed from Condition g 
both at the 40-db. anchor, t ) ees fà 

2 we = 44. 
.01, and the go-db. anchor, fos 


he P and I curves were 


p< ol. T 
Newman-Ke 
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T) ndica 
anchor treatments. This ! y 
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p< 05), but the 0-60 db. and t 2: 
ndun ielded no significant differ 
it was foun 
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ences. FL y 


: — 05) that the 
(again with 
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symmetry (bottom) employed in the 


40-db. anchor scores differed significantly 
from both the 60-db. and 80-db. 
Scores, but that the 80-db. 
not differ from that of the 60-db. anchor, 
Thus anchor effects are more reliable in 
Condition I than Condition p 
in Condition F, 

Results of trials without an an 
There was no appreciable order effect 
Kı vs. Ky or Ky vs, Kı) and so the 
were pooled, 

The longer [S] 
time error in that t 


anchor 
treatment did 


» and absent 


(i.e., 
results 


I € two 
stimuli was Judged louder than the first an 
average of 83% or the time With an ISI 


of 13 sec., this trend was h 
-53 of the judgmen ts were 
is quite close to a chance 

The two condition 


ardly visible, for 
K, > Ky, Which 


(V /ilcoxon 


ference, T (8 
Or an [S] 


or a 2 Sec, in act, did not 
Significantly differ from chance (t 1), and 
SO it can be Concluded that no time error 
Was found for that intery; L. 


Direction 
that the effects of inte 


considerations, 
First, the experimenta 


An illustration of temporal r 
(A) precedes the standard (St) and variable (\ 


asymmetry (toj 


D) when the 


anchor 
à) stimuli, compared with the 


present study, 


have slightly Weakened the KAK effect (Con- 
dition D “There is not Such a distinct differ- 
ence among anchors as has been found in other 
studies (Ellis, 1971), Normally the 60- and 
significantly different 
f Ke < K. Such a 
d conceivably indicate 
is not typical of 
design, and so any con- 
those instances where 
spurious. 
à quantitative 
change, which might 
Using fewer trials per 


Condition than With a relatively small 


Sample of Ss. 
Second, this 


Conclusion is 
at least four 


. sith 
at variance witl 
€xperiment 
t 


. 7 a 

al studies as well as í 
y Concerning the effects o 
: ^ si, 
Upon time errors (ege 


The studies alluded to were Hilger: aimed at 
elucidating : or (Gleitman, 1957; Gleit- 
*; Kind & Brown, en 
ach case, preceding anc 
Ors Were used. (Only Philip's 
àn anchor following the Sie 
N the studies foun 

a assimilation between 
mediates judgmental dis- 
's study, puse. 
>e Interpreted in terms a 
Y anchors greater than the 
That is, it is 
Preceding, anchors 
the apparent value of the 


Resting tl 


ess 


S permits Some evaluation of 
In the present study the 


Y 


?Y 


Lh. d Fo 


PROACTIVE EFFECTS OF INTERPOLATED ANCHORS 


60-dh. 


botl anchor produced similar judgments in 
1 Jj 5 


oe o 3 conditions. The relationship 
Etuis tc oe error a interpolated anchor 
1971). 2 a ussed in detail elsewhere (Ellis, 
Philip a g be noted, of course, that 
His cns n an equal and a lesser anchor. 
that he E E be explained by the fact 
be ae ok ie stimuli, which need not 
Sa dice he same laws as those governing 
wesmii ae” 1. Indeed, there is evidence to 
Seeimilation soe agen are subject to 
1963) rather than contrast (Treisman, 
EM ponit to be made concerning the 
(UR. alpin: nets cen the findings of the above 
SAB ined aee and the present one is that 
raved a. us the temporal asymmetry illus- 
stant St hs i 3. In order to maintain con- 
Ule, thers e and A — St (or St — A) inter- 
m Aer e resulted a sort of grouping between 
ciet ec s St that might itself effect as- 
Ususi es ipe grouping is absent in the 
Pisae ia aton design and avoided in the 
E i ee iat the expense of a varying 
inten” -— but this should only act to 
Which wil ane time error (Ellis, 1971), 
tlie, effects per itate some anchors and diminish 
dm les ate ^ opposite anchors. Whichever 
Whether e» or diminished will depend upon 
ub n vnm I or Condition I is used. 
would oo a foe considerations in mind, it 
Éntermlas m Kaa there is a possibility that 
A be arenas act proactively to cause 
Subsequent effect upon the perception of a 
spond, sa arse This undoubtedly corre- 
ing TANE Din more uud manner of study- 
enr. x a San. This typically involves 
Sented batons mg with an anchor being pre- 
"e «fore each series stimulus. 
é "Si e ea recent electrophysiological evi- 
enne: M that averaged auditory evoked 
are lene. o a du recorded from the scalp 
Preceding d Ta depending on whether the 
chishan p^ stimulus is smaller or larger 
baum, 1971) ilverman, Henkin, & Pfeffer- 
Sponges ae ti Given that such evoked re- 
the See UN positively correlate with 
65), e a —— (Davis & Zerlin, 
evidence indien o »e reasonable, independent 
[OPEM operation of proactive contrast. 
mak Tet The finding that it 
erence whether judgments are 
ative to Kə or Kə to Ky is inter- 
i it suggests that postcuing as to 
e socalled ps consider as the St eradicates 
een reported *r error which has frequently 
d. Michels and Helson (1954), 


in fact, offer different ALT formulations de- 
pending upon the order of judgment. The 
present data suggest that the error is a meth- 
odological artifact that is easily circumvented. 

No-anchor trials. The trials in which only 
Kı and Ke appeared indicated that a strong 
negative time error was operating. With an 
interval of 33 sec. there was a preponderance 
of Ke > Kı judgments that was absent when 
the ISI was only 1} sec. The relationship 
between time error and the KAK contrast 
effect has already been considered (Ellis, 1971). 
The two appear to be unrelated in that in- 
creasing the ISIs leads to a decrease in the 
effects of greater anchors, while it causes an 
increase in the effects of lesser anchors. This 
would be expected on the basis of negative 
time error, which would tend to produce more 
Kə > Kı judgments. 

The data from those trials with no a 
serve to demonstrate that when A = Kı 
the time error is not equivalent to that when 
Kı and Ks are separated by the same time 


nchor 
= Ks» 


interval without an interpolated anchor. In 
the former case the probability of a judgment 
It is 


Ks K; is 43; in the latter it is .83. 
possible that Ss use the anchor equal to Ki 
(i.e., the 50-db. anchor) as a reference for Ki. 
If this is the case, the effective ISI will be 13 
1 sec., which would eliminate 


sec. rather than < 
the negative time error bias. 
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and task demands. 
of attention. 


One 
rps of Broadbent's (1958) origi- 
are limited las remained undisputed : We 
Suntan poss capacity to process in- 
to E : odels that have attempted 
cm ge this limit can be broadly 
nonfilter Es into passive filter vs. d 
Filte leories. 
duction waa nd postulate information re- 
Butts in nag anisms (filters) at different 
Ete te ‘a processing chain, and contro- 
the filter = n revolve about the locus of 
eed mer anism. Treisman (e.g., 1964) 
Stage peng filterat a “perceptual” 
others (Det ko full verbal analysis, while 
1968) arg u < NS Deutsch, 1963; Norman, 
El nat selectivity precedes only 
Or the T Studies supporting one 
rented r of these models can be dif- 
fk and es the basis of experimental 
are E Et When Ss 
Berioemnrer to divide attention and the 
Items in Ta measure is one of detection of 
support a e nonshadowed channel, results 
& Geffen perceptnal filter model (Treisman 
When ie 1967; Treisman & Riley, 1969). 
nels and = gg ignore one of the two chan- 
of interfe he performance measure is one 
Verba] c SEES from that channel, then 
— 4" Content in that channel seems to 
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EFFECTS. OF SET-INDUCING INSTRUCTIONS O 
RECALL FROM DICHOTIC INPUTS! 
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Dichotic listening strategies of Ss were 
divided-attention situations by means of instructions 
n: pe expect to recall three digits from shadowed m 
pei were tel. they would be tested for digit recall primarily on the simul- 
y prese nted nonshadowed digit string mes 
Praese X Recall Channel interaction wa 
d un ART Pa spe vor conditions. 
atten: differ for the two instructional groups, 
d amount to attentional capacity in à manner determined by 
Results are discussed in terms of active vs. passive 


Ohio State University 


manipulated in both selective- and 
Half of the Ss were 
ges of variable lengths, 


sages. The predicted 
gnificant for Ss in both 
Overall, digit recall accuracy 
uggesting that 


affect the shadowing latency of the at- 


tended channel, implying that all input is 
fully analyzed prior to any filtration pro- 
cess (Greenwald, 1970; Lewis, 1970). 

A possible resolution of such contradic- 
tory findings focuses upon the strategies Ss 
must use in different types of dichotic lis- 
tening tasks. Both instructions and task 
demands may determine S's encoding strat- 
egy, as Harris and Haber (1963) and 
Bryden (1971) have shown in related tasks. 
Active attention models (e.g., Hochberg, 
1970; Neisser, 1967) emphasize the possi- 
bility that instructions determine the allo- 
cation of attentional energy in any given 
task in such a manner as to optimize per- 
formance. In fact, Moray and Fitter (in 
press) have argued explicitly that attention 
should be viewed as an acquired skill whose 
allocation can be adjusted according "to 
the requirements of the task at hand." 

The present study manipulated task re- 
nts by instructions rather than the 
more common approach of manipulating 
the nature of the material (cf. Treisman, 
1969). The Ss were required to shadow 
one of two simultaneous dichotic messages 
where both messages were random digit 
sequences. The Ss were asked to rect a 
letter that terminated one message à" 
then to recall the last three digits from one 
of the lists. The Salways knew in advance 
whether the letter would be in the shadowe 
or the nonshadowed message, but was 110 
informed from which list to recall the digits 


quiremer 
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before he finished shadowing the last item. 
Expectations for digit recall were manipu- 
lated through instructions: Half of the Ss 
were told that in most trials they would 
be cued to recall the digits from the 
shadowed message and half were told they 
would be tested primarily on the non- 
shadowed message. lf expectancy controls 
the allocation of attentional capacity, then 
digit recall from the shadowed message 
should be better for those Ss who expect 
to recall from it more frequently. Simi- 
larly, recall from the nonshadowed message 
should be better for Ss who expect to recall 
from the nonshadowed message. No dif- 
ference was predicted between the two 
groups in terms of letter recall because all 
Ss knew in advance to which ear the letter 
would be presented. 

The first of the two predictions cannot 
be derived from the passive models men- 
tioned above.  Treisman's (1964) model 
cannot account at all for any recall (of 
cither group of Ss) of digits in the non- 
shadowed message. According to her 
model, information from the nonshadowed 
channel can be recognized only 
recognition criterion for specific 
lowered (p. 14). 


when the 
items is 
However the criterion 
cannot be lowered for an unspecified stimu- 
lus, and in the present task the to-be- 
remembered digits remain unspecified until 
the list is ended. Norman's (1968) model 
Can account for memory of information 
from the nonshadowed channel but not for 
the difference between the two instruction 
groups. In his model the memory for spe- 
cific items can be enhanced by giving their 
representation in short-term storage (STS) 
more “pertinence,” where pertinence “must 
be determined before or as the input is 
being analyzed and selected, it cannot be 
determined after the selection has taken 
place [p. 527]" In the Present study in- 
structions Were used to differentially weigh 
input sources, i.e., ears but not input con- 
tent (i.e., specific items), and therefore the 
mechanism of pertinence cannot account 
for the superiority of one group over the 
other. 

Finally it was hypothesized that if task 
requirements, as manipulated through the 
instructions, can alter the basic processes 
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involved in processing and storing. verbal 
information, then the shape of the recall 
functions should differ not only as a func- 
tion of the message (shadowed vs. non- 
shadowed) but also as a function of ex- 
pectancies. This prediction is contrary to 
a generalization of Neisser (1967, p. 213) 
that in dichotic presentation with shadow- 
ing the level of analysis of the two inputs 
is determined by their source: The non- 
shadowed one is stored only at an echoic 
level while the shadowed one is processed 
further. Results of studies by Murray and 
Hitchcock (1969) and by Bryden (1971), 
in which recall strategies were studied, also 
show that the dichotomy of echoic vs. 
active short-term memory does not provide 
comparable results across different tasks 
and instructions, 


METHOD 
Subjecis 


Thirty-two female Ohio State University under- 
graduates served as Ss in fulfillment of a course 
requirement. 


Apparatus and Stimulus Materials 


The S sat in a dimly lit room. ‘Two 7.5-w G. E. 
night-light bulbs, 23 cm. apart and 70 em. in front 
of S, served as cues for message recall. A red light 
on the right signaled recall of digits presented to 
the right car and a white light on the left signaled 
recall from the left car. The me ges were pre- 
sented through an Ampex Fine Line (F-44) stereo 
tape deck and (GSC) stereo headphones. Messages 
were composed of lists of randomly ordered mono- 
syllabic digits (1, 2, 3, 4, 5, 6, 8, 9) presented at the 
rate of 1.8 digits/sec to each car. 


Procedure 


Each S participated in two 45-min. sessions on 2 
secutive days. 
ession 1. The purpose of this sı 
acquaint S with the experimental tas 
was divided into four blocks in the following order: 
1. Binaural shadowing (5 trials): On each trial 
5 was required to shadow a list of 16 randomly 
ordered digits presented to both ears simultaneously. 
2. Binaural shadowing with recall (32 trials): 
The S shadowed 32 new | ach ending with bd 
letter. This letter w. one of the four 
acoustically nonconfusable letters: B, F, K, and R. 
As soon as S repeated the letter the two cuing 
lights were flashed simultaneously. The S was then 
required to recall immediately the three digits that 
preceded the letter in their order of presentation. 
In order to maintain the uncertainty associated wit? 
the letter position in the list, the 32 lists varied in 
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TABLE 1 1 


length (4, 5, 7, 8 x " 
aight A a S, 10, 13, or 14 items). Each of the 
5 DS 1s was presented four times. 

Such: trial Dn pce condition (10 trials): On 

Enter ons ifferent lists of randomly ordered 

EON ET sented simultaneously, one to each 

Puce of 1.8 pairs/sec. The first trial was 
equate for each S the subjective loudness 


and * - 

Tu. -€ list terminated. with a letter. 
S nones the letter, one of the two cuing 
i voe pe If the right red light appeared, 
sented fo the x report the last three digits pre- 
HOME d right ear. If the left white light 
ated vane " to recall the last three digits pre- 
formed ae eft ear. One half of the Ss were in- 
sponding d mum trials the light spatially corre- 
and one ball Lio shadowed message would appear, 
trials the M ‘the Ss were informed that on all 

^ us would L2 aud to the nonshadowed 
Pf am pens divided condition (10 trials): This 
ition id as similar to the dichotic selective con- 
Stier was one: important exception: The target 
les on now situated as the last item in the digit 
list of ented ia the nonshadowed channel. At the 
recall both deis ted cuing light, S was required to 
ear dad the darn dj nted to the nonshadowed 
(expected) sin ee digits presented to the cued 


Sheer = 
used ae The data collected in this session were 
9f binaural 1 wc Each S performed 10 trials 
of the $i ber sen g. Following these trials half 
EU s a block of 32 trials under the 
the Meats condition and then 32 trials under 
two D Ad. condition. The order of the 
thas Ba te was reversed for the remaining 5s. 
equal dires ZR each block were made up of an 
ordered withi ol the eight list lengths, randomly 
these two ec ‘di a block. The major difference in 
that on D; ong itions between Day 1 and Day 2 was 
that rd prior to the first trial, 5 was informed 
most of Keats cuing light would appear 
Jay 1) UN time (rather than all the time as on 
linexhecked that on some of the trials the other 
E ed, light would appear. In either came. 


9s task was A 

ear peers to recall the digits presented to the 

Unknown pes to the light that was flashed. 
o S, the relative frequency of the two 


Design 


T 
he 32 SS Were 


cou ssi 
Nterb; assigned to one of four groups 


alanced f. 
or the ear to which the shadowed 


NUMBER oF RECALL TRIALS OF LETTERS (L) AND 
Dicrrs (D) rx... EXPECTED (EC) AxD | 
UxtExPECTED (EC) CHANNEL FOR 
AN S iN Each CONDITION AND 
RECALL CHANNEL ON 
Da 


| Recall channel 


NSE group 


Condition | SE group | 
I | Y 1 
» | Non- | Non- 
| Shadowed | s Alowed. | Shadowed | shadowed 
zs ee |— | 
Sele jap $ D(EC) | 8 D(C) | 24 DEC) 
3L RVL 
Divided |24 D(EC) | 8 DEC) | 8 DXEO | 24 D(EC) 
RL 32 


annel contains the 
he nonshadowed 


message was presented (right vs. left) and for the 
left). This re- 


expected recall channel (right vs. 

sulted in two groups for which the expected recall 
message was the shadowed one (SE) and two groups 
for which the expected recall message was the non- 
shadowed one (NSE). All other variables were 
within Ss. The design in terms of number of trials 
in cach condition (selective vs- divided) and task 
(digits and letter re! 11) is summarized in Table 1. 
In this table the entries in each cell represent the 
number of trials for one S (from each of the two 
types of groups) from which her probability score 
was computed. Digit recall is denoted by Dan 
The letters EC and EC refer to 
expected channel and unexpected channel, respec- 
tively. Expectancy does not apply to the letter 
recall since the channel to which the letters were 
presented was determined by the condition only. 


letter recall by Li 


RESULTS 
ita collected on D 
nance was al- 
ll conditions 
analyzed. 


Only recall dé ay 2 were 
analyzed. Shadowing perform 
most errorless for all Ss in a 
and groups and was not further 


Digit Recall 


Probability of recall on eacl 
ial posit 


a recall chan- 
nel, condition, and seri: ion was com- 
puted for each S. Preliminary analysis 
showed that both main effects and the in- 
t vs. left ear of shadowed 
el did not affect 


The data were then 
into a 2X2xX 2 X 3 analysis o 


pooled 

variance which compared two groups 

Ss (SE and NSE), two conditions (selecti 
and two recal channe!s 


and divided), 
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O—O SE GROUP,NON-SHADOWED CHANNEL 
€-—€ NSE GROUP,SHADOWED CHANNEL 
O-—O NSE GROUP,NON-SHADOWED CHANNEL 


50 


PROBABILITY OF CORRECT RECALL 


SERIAL POSITION 


Fic. 1. Probability of correct recall as a function 
of group, recall channel, and serial order. (On the 
abscissa, 3 is the most recently presented digit.) 


(shadowed and nonshadowed) across three 
serial positions. All main effects, with the 
exception of groups, / (1, 30) < 1.00, were 
significant beyond the .001 level. 

Recall probability, when averaged across 
all serial positions, was .39 from the 
shadowed message, and this was superior 
to recall on the unshadowed message where 
the probability was .13, F (1, 30) — 41.01. 
In the selective condition, Ss recalled each 
digit with probability of .32 compared to a 
much lower level of .21 in the divided con- 
dition, F (1, 30) = 25.02. Overall, recall 
TABLE 2 


PROBABILITY OF DIGIT RECALL FOR THE Two 
GROUPS IN THE Two CHANNELS 


| 


Recall channel 


Group " m " os 
| Shadowed | Nonshadowed | Average 
SE | 414 6396) | .119 267 
NSE |342 99 (185) | 274 
No the shadowed channel contains the 


eX] while for NSI 
channel con xpected reca 
parentheses are recall probabili 
trials from the expected channel. 


nonshadowed 
Numbers in 
rst eight recall 


DAVID SHINAR AND MARI RIESS JONES 


probability of the most recently presented 
digit was greatest (P = .32) and recall 
probability of the earliest digit was least 
(P = .23), F (2, 60) = 28.48, p < .001. 

The Groups X Recall Channel interac- 
tion was significant, 4 (1, 30) = 4.94, p < 
.05, and is described in Table 2. While for 
both groups digit recall is superior in the 
shadowed channel, the margin of superi- 
ority is greatly reduced for NSE Ss. This 
interaction confirms the prediction that for 
a given recall channel, recall will be better 
for those Ss who expect to recall from it. 

In this situation, recall from the shadowed 
channel was better for those Ss expecting 
to be tested on it (SE Ss), while recall from 
the nonshadowed channel was better for 
NSE Ss. This relationship was practically 
identical for both the selective and divided 
conditions. "Thus, although average recall 
accuracy was equivalent for the two groups 
(.53 for SE Ss and .54 for NSE Ss), per- 
formance at each channel was markedly 
different. 

Performance of the two groups also dif- 
fered over the three serial positions as 
indicated in Figure 1. The NSE Ss, who 
were trained to anticipate digit recall in 
the nonshadowed channel, exhibited strong 
recency effects in recalling from either the 
shadowed or the nonshadowed channel. 
Digit recall of the SE Ss, in contrast, did 
not change markedly with serial position 
in recalling digits from either channel. As 
a result the superiority of NSE Ss to SE 5$ 
in recall from the nonshadowed channel 
was greatest for the most recently presented 
digit. Similarly, the fallibility of NSE 5$ 
in recalling earlier digits explains the!" 
relatively poor overall performance on the 
shadowed channel. This Group X Serial 
Position interaction was significant at the 
.01 level, F (2, 60) = 5.95, and did not 
change as a function of recall channe 
The three-way interaction Group X Reca 
Channel X Serial Order was not significant 
F (2, 60) < 1.00. 

Also significant were the two tw 
interactions, Conditions X Recall Cha 
F (1, 30) = 12.72, p < .01, and Cond mi 
X Serial Order, F (2, 60) = 8.38, P < Con- 
as well as the three-way interaction 5y 
dition X Recall Channel X Serial Graes 


o-way 
nne" 
ition 
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2,60) = 17.17, p < .001. This last inter- 
action is plotted in Figure 2, where the 
data show that when recalling digits from 
the nonshadowed channel the recall curves 
are low, with a slight recency effect, for 
both the selective- and divided-attention 
conditions. However the recall curve in 
the shadowed channel is markedly affected 
by the condition, with a large recency effect 
in the selective condition only. This result 
Supports the assertion that expectancies 
(condition) can alter the nature of the 
basic processes. 


Letter Recall 


Again, preliminary analysis showed that 
Oth main effects and the interaction of 
right vs, left ear of shadowed and expected 
recall channel did not affect recall signifi- 
cantly, The data were then pooled into a 
* X 2 analysis of variance that compared 
the two groups of Ss in the two conditions 
(for letter recall, recall channel. coincided 
with condition, since expectancy did not 
apply to the letter recall). As predicted, 
Neither the main effect of group, / (1, 30) 
< 1.00, nor the interaction, Group X Con- 
dition, F (1, 30) < 1.00, was significant. 

We predicted main effect of condition also 
ailed to reach significance, F (1, 30) = 
1.95, but the difference was in the predicted 
rection. Recall probability was slightly 
"igher in the selective condition (P = .832), 
Where the letter was the last item in the 
Shadowed channel, than in the divided at- 
tention condition (P = .763), where the 


ette PA 
etter was presented to the nonshadowed 
Channel, 


Discussion 


PT fica sweet ee : M 
re results of this study raise questions 


a ae 
za E ene tility of passive filter-type models 
Processing B oW of human information 
Pertancc Pe : n ney, they illustrate the im- 
expectations ognitive strategies based upon 
na Fri eh in determining performance 
Supporting es ention task. The main result 
Seiten nla conclusion Was the interaction 
recall Channa pest channel and the expected 
reflects S. ability d group). This interaction 
a nonshadowed ae 9 allocate more capacity to 
call its cantent fae when expecting to re- 
expectation to meat when not. Similarly, the 
all the shadowed message im- 
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PROBABILITY OF CORRECT RECALL 


LL c ——4À4 
1 2 3 


SERIAL POSITION 
Fic. 2. Probability of correct recall as a function 


of condition, recall channel, and serial order. (On 
the absci 3 is the most recently presented digit.) 


proves recall from that channel at the expense 
of the other channel. This result is contra- 
dictory to the hypothesis that the level of 
processing afforded each of the channels in 
dichotic listening is determined only by the 
operational task of shadowing one of the two 
channels. The finding is more consistent with 
that of Murray and Hitchcock (1969), namely, 
that shadowed-channel recall improves uH 
if Ss are informed in advance that m dag 
be required to recall from that da 
if they are uncertain as to the probe re Was 
channel. However, in their study io um 
no complementary improvement for thiet n 
shadowed message under prior cuing, 25 y 
found in this study. Their result may be yt 
to the fact that in the latter condition articula- 
tory shadowing was replaced by “writing down 
the contents" of the “‘shadowed"’ message. 

It could be argued that the interaction be- 
tween the actual and the expected recall 
channel is an artifact due to the smaller num- 
ber of trials each S had to recall from the un- 
expected channel (8 vs. 24). To test for this 
possibility, recall probabilities were analyzed 
separately only for the first eight recall trials 
from the expected channel. The results from 
this analysis are presented in parentheses 1n 
Table 2. Clearly, the effect of the added 
practice causes little qualitative change !n 


= 
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performance; indeed digit recall probability 
increases by an average of only .016. 

Two additional aspects of the data suggest 
the role of instruction-induced expectancies. 
The first involves the near identical average 
digit recall levels of the two instructional 
groups across all conditions (main effect of 
groups nonsignificant), This average recall 
probability (Table 2) can be viewed as an 
index of capacity in this task, and the fact that 
it is not affected by the expectancy suggests 
that, given the Proper set, Ss utilize their 
limited attentional capacities to develop an 
optimal time-sharing strategy. Moray and 
Fitter (in Press) reach similar conclusions on 
the basis of visual time- haring performance, 

The second line of evidence for the impor- 
tance of expectancy comes indirectly from 
letter recall data. The message in which the 
letter appeared was determined by the condi- 
tion only and was independent of the instruc- 
tions governing expectancy (for both in- 
structional groups the letter terminated the 
nonshadowed message in the divided condition 
and terminated the shadowed message in the 
selective condition). Therefore, unlike digit 
recall, which is affected by the instructions, 
letter recall should be equivalent for 


both 
groups. Letter recall Probabilities for SE 
(.815) and for NSE 


) (780) Supported this 
prediction, 


Recall functions (Fig 
further Suggest that both expectancy (group 
in Figure 1) and the location. of the letter 
selective and divided Conditions in Figure 2) 
Contribute to the determination of the "atten- 
tional Strategy" adopted by S. The Ss in the 
NSE group show a larger recency effect than 


Ssin the SE Sroup on both channels (Figure 1). 
If performance on th dowed channel 


Were dependent on the Capacity of some pas. 
Sive sensory as Treisman 
(1969) claim, then the recall fune 

this channel for the two Sroups should 
identical or at least Parallel, This ; 
expectancy jn Treisman's 
the recognition Of specifie ; 
have entered an echoic Storage of Physical at. 
tributes (Swets & Kristoffer ) e 


ure 1 and Figure 2) 


son, 1970) Thes 
tributes (Swet rson, : ese 
findings indicate that echoie Storage Capacity 
for random digit Strings varies directly With 


the degree of attention allocated 
by Neisser (1967) and Murray: 
(1969). The similar difference 
the shadowed 


' aS Suggested 
and Hitchcock 
In recall from 


d channel Suggests that atten- 
tional strategies with unconstrained Materials 
affect storage after j 


full 


identification (i.e., 
as occurred, 


shadowing) h Therefore Norm 


an's 


MARI RIESS JONES 


(1968) model might seem I 
since he posits his attention mechanism after 
STS. But neither Norman’s model nor that 
of Deutsch and Deutsch (1963) accounts for 
recall differences between the two instructional 
groups, since expectancy here is in terms of 
input source rather than specific items that 
have prior memorial representations, 

Figure 2 shows that the recency effect as- 
sociated with short-term 
in recall from either channel only in the selec- 
tive condition, Le., when the letter js pre- 
sented in the shadowed message. In contrast, 
when attention must be divided because the 
letter is Presented to the nonshadowed chan- 
nel, the recall from the nonshadowed channel 
is reflected by a flat function, suggesting a 
Constant level of transfer of information into 
a long-term store. Thus, it can be argued, 
the position of the letter (selective or divided 
condition) determines the Processing strategy 
used by S ang thus affects his digit recall 
performance, When s must divide his atten- 
ton in order to identify the letter in the non- 
shadowed channel the message encoded for 
shadowing Purposes is transferred 
term memory and discarded from STS where 
the limited capacity 
shadowed mes j 
S's strategy 
as long as Possible 
quirements ar 
ina Sharp re 
at all three 
S's Strategy 
affects perfor, 
Storage 
be 


more appropriate 


since the 
© smaller, 

cency effect 
serial 


time-sharing re- 
This in turn results 
ct with superior recall 
s Positions, Jn both cases 
is the intervening Variable that 
.ormance level, The idea that the 
‘age of information for recall purposes can 
independent of the level of processing is 
also Supported by Bryden's (1971) results. 

n other respects the present study replicates 
previous findings, In gene ral, shadowed-chan- 


Vis Information is Tecalled better than that of 
the nonshadoweq 1964); the 


Serial positi s q 

digits ris or immediate recall of 

the Ss! S ERG Nonshadowed ear when 
>S EXpect to recall from it (Figure 1) shows 


t (Norman, 1969); the 


a distinct rec 
Probability. of letter recall from the non- 
annel 


Shadowed ¢ : : 
Treis LM «a ^PProximates that found by 

sman ang Riley (1969), Also, the lack o 
ne recall functions b 
8 memory span and ho 
for dichotic presen tation 


Y effect i 


1969). 
together 
Nexible Strateg 
information 
that the 


ra 
these Tesults argue fo! i 
-dependent model of AP 
i Processing, This view impl i 
š j ‘ rid 
ody of data amassed by previo 


storage is manifested... 


P 


INSTRUCTIONS AND RECALL FROM DICHOTIC INPU 


studies should be viewed as the manifestation 
of an attentional process in conjunction with 
a strategy. Unfortunately, in most previous 
Studies it is hard to separate the two, and in 
those cases where the experimental task was 
changed between conditions (e.g., Norman, 
m it is likely that different strategies un- 
mun different performance functions. The 

sults of this study are therefore viewed as 
ane i tinge with the active approach ; they 
pec n capacity of the active memory is 
E overall probability of correct recall 
"e he en for both groups), but that 
eee ong attention can be directed by in- 

: lons as well as by classes of input. 

A an ision of attention may be flexible, 
Kanplia s remain regarding the nature of the 
buo oe S rete employed by Ss. At least 
fauce bilities have been offered: (a) con- 
à cated Sampling of information from. both 

Desi bu (Treisman, 1964) or without 
Of the : E Deutsch, 1963) alternation of one 
samplin ": Input sources, and (b) discrete 
& Fite o one channel ata time (e.g. Moray 
hem = p otii For all practical implic 
Buishable ee types of sampling are indistin- 
Samplin when the switching time of a discrete 

b 8 operation becomes 
‘Lindsa 


i 

a the hype 

Such as ty. 

1955) pene, switches per second (Broadbent, 
the 2 then it becomes meaningful to examine 


ae nee probabilities of recall of the 
Open A a the letter is recalled when it 
ditional E m other channel, P (Da/L). Con- 
of the i anc marginal Probabilities for recall 

e last digit when it is simultaneous with 


the | 
ast letter are e" NNI 
bra a er are presented in Table 3. In all 


bs lade probabilities are higher 
eating one probabilities. This then 
Capacity ipe: the allocation of attentional 

* 18 continuous or discrete with a high 


Cons TABLE 3 

NDITION AL ; 

NAL Ay ? SIN 

REcALL A MARGINAL PROBABIL 
1S Pr 


IES FOR 
STTER 


ve condition : | 


‘ ViluDiad eomm 
Shang Nonshadowed channel | En 
P > io 
O| PD) P(DyL) | PO) | POVL) 
143 | 955 F » 
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switching rate. The conditional probabilities 
also reflect the superiority of NSE Ss in the 
nonshadowed channel, where they expected to 
be cued for recall. Thus, we are led to believe 
that allocation of capacity is continuous and 
affected by S's expectancies. 
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CHANGES IN VISUAL SPATIAL ORGANIZATIO 


TATION LEVEL! 
RESPONSE FREQUENCY EQUALIZATION VERSUS ADAPTATION LEVEL 


WILLIAM STEINBERG axp ROBERT SEKULER ? 


Northwestern Universit y 


Two experiments tested 
visual spatial organizati 
stimuli. The alternative 
tual (adaptation-level 
(response-frequency- 
spatial organization 
ranging from columnar org 
exposed on alternate tri 
organization, to ex 


Adaptation is a chan 
sponse which follows the Presentation of 
some stimulus. The study of visual adap- 
tation provides a powerful analytic tool for 
identifying the Nature and character of 
Sensory mechanisms which Support various 
Perceptual experiences (Weisstein, 1969), 
Adaptation-level (AL) theory provides one 
general framework which integrates, in a 
limited set of equ 


ge in sensory re- 


ations, 


many apparently 

unrelated Phenomena connected with adap- 
tation (Helson, 1964), 
While adaptation m 


ay potentially follow 
us which differs from 
level or Pattern of 
1964; Held, 1962), 
guish actual changes 
from ersatz forms of 


adaptation, Only the former changes are 
likely to illuminate Sensory 


uler and Erlebacher ( 
Possible artifact which 
adaptation, the tend 
available responses w 
Among the 
demonstratio 
ine, 


€Xposure to any 
the current ba: 
stimul 
itisin 


stimul 
se-line 
ation (Andrews, 
portant to distin 
in Sensory response 


one 
Tsatz 
ency S to use 
! With equal frequency, 
experiments singled out as 
ns of ersatz, rather than genu- 
adaptation are Several reported by Bell 


! Preparation of this article 
Institute of Health Grants E 

? Requests for re 
Sekuler, ip L 
havior, Northwe 
60201. 


Was aided by N 
"-00321 
prints should be 
-aboratory of Neuri 
stern University 


ational 
and NS-10094, 
sent to Robert 
science and Be- 
anston, Ilinois 


In Experiment 1 
€ procedure. 
P differences v. 


) 


alternative explanations for the 
on produced by exposure 

positions evaluated were th 
[AL] theory) or that it w. 
equalization theory). 
were obtained for 11 diff, 


46 


Contrary 
‘anished. 


apparent change in 
to “adapting” or anchor 
at the change was percep- 
as the result of response bi 


as 
n Experiment I, 


I 


ystematically affected 
uence of response bi 
to AL theory, 


I, the infi as Was 
once response 


and Bevan (1968). 
first experiment, whic 


as the prototype for all their experiments, 
Ss judged the Spatial organization of a 
series of dots arranged on the vertices of an 
imaginary matrix. When the vertical dis- 
tances between dots are greater than the 
horizontal distances, the dots seem to be 
organized in rows, When the vertical dis- 
tances between dots are less than the 
horizontal distances, the dots seem to be 
Organized in columns, These observations 
demonstrate the operation of the gestalt 
principle of "proximity," Bell and Bevan 
used a graded series of dot matrices ranging 
from extreme rowlike Organization through 
neutral organization (vertical distances 
equal to horizontal distances) to extreme 
columnlike Organization, Each stimulus 
Was judged, Using the method of single 
sumuli, as rowlike or columnlike. The 
Point of subjective equality (PSE) can be 
defined as the stimulus which appeare 

Most nearly Neutral (ie. judged rowlike 
With p = 8 The PSE was determine 

for e; For the column 
her stimulus to be judge 

mely columnar in its organization 
— such a stimulus Was virtually certain Pa 
elicit a column judgment. For the m 
8roup, every Other Stimulus was extremely 
rowlike in its Organization—being virtually 
certain to elicit. row A fina 


Ye 
In Bell and DD 
h may be considere 


resp )onses. 


RESPON 


group, the control group, was tested with- 
out the introduction. of extreme anchor 
stimuli. The PSE of the column group 
was shifted away from the neutral stimulus 
of the series toward columnlike stimuli; 
the PSE of the row group was shifted in 
the opposite direction, toward rowlike stim- 
uli. Bell and Bevan attributed the opposite 
iE in PSE to sensory adaptation pro- 
— by repeated presentation of the ex- 
me anchor stimuli. This finding, they 
1956) t was consistent with Helson’s 
Sted relief “that there are spatial adap- 
fon eed less than chromatic adapta- 
me "PE are responsible for the way 
This -p signe are formed [p. 173].” 
Is claim has since been repeated by 
pos and Bevan (1971) in their discussion 
: 1€ Bell and Bevan experiments. 
aret aig Erlebacher (1971) proposed 
awe ata of Bell and Bevan had nothing 
fie sited to do with sensory adaptation, 
ndn j resulted from response bias, the 
Eu | Ss to use all available re- 
qmm po approximately equal fre- 
(REE) u eaponse-frequeney-equalization 
cd eory argues that Ss in Bell and 
one oy group, having made a row 
Wael, 5 every other (anchor) stimulus, 
response poc uncertain as to the correct 
ould e e column responses. This 
ve - oa SE away from the neutral 
ees eim pene stimuli. The same 
&roup, producing [err zd =) V 
E toward columnlik Oo ge eis 
cmd staten i e stimuli. . A more 
R a of this theoretical posi- 


tion ca iE 
(1971). be found in Erlebacher and Sekuler 


The 
Ments 
ersatz 
The fir: 
Origin 


Present paper reports two experi- 
designed to discriminate between 
Lnd genuine , Sensory adaptation. 
«i nap est is a replication of the 
mire i e Jevan (1968) study, done 

€ comparability of our stimuli 


and s 
Beamer pM to theirs. In the first ex- 
method i e or and Bevan, we used the 
Deriment Mes e stimuli. The second ex- 
irst, tees 1 the same stimuli as the 
à method drawn from the realm 
* psychophysics, the forced- 


A Objectiy. 
10ice me à 
method (Green & Swets, 1966). In 


z BIAS AND VISUAL SPACE ORGANIZATION 


247 


the past this method has been useful for 
discriminating sensory effects from effects 
attributable to decision processes. In the 
present context, forced-choice procedures 
show that Bell and Bevan mistook the 
effects of response-frequency equalization 
for real sensory adaptation. 


EXPERIMENT | 
Method 


rraduate students enrolled 
in an introductory psychology course at North- 
western University served as Ss. Ten Ss were ran- 
domly assigned to each of three groups; all 5s in 
any group were run simultaneous! n 

Materials and procedure. The stimuli were eleven 
patterns of black, .5-in.-diam. dots. Each pattern 
contained 36 dots within an 8-in. square. Slides 
were projected onto a white beaded screen by means 
of a projector equipped with a tachistoscopic shutter. 
A black velvet mask covered most of the screen, 
leaving an irregular-shaped opening through which 
the slides were projected. On one side of the open- 
ing was a large photograph of the row anchor 
pattern labeled "rows"; on the other side was @ 
similar photograph of the column anchor pattern, 
labeled “columns.” The pattern on the photographs 
was also 8 in. square. The ratios of the horizontal 
to the vertical spacings of the dots for the 11 stimuli 
and the two anchors were identical to those used by 
Bell and Bevan (1968). These ratios in the columnar 
patterns were 1.11, 1.25, 1.44, 1.67, and 2.00, and 
in the row patterns were .90, .80, .70, .60, and .50. 
The neutral stimulus, of course, had a horizontal to 
vertical separation ratio of 1.00. Ratios for the 
column and row anchors were, respectively, 10.0 
and .10. 

The Ss were seated al 


Subjects. Thirty unde 


long three concentric ares 
centered on the screen. The average viewing dis- 
tance was 15 ft., causing the stimuli to subtend, g 
the average S, approximately 2° 30' of br 
The experiment was conducted in a partial y da 3 
imuli had a lumi 


ened room. Light areas of the st 


pU xi- 
nance of 60 cd/m? and had a contrast of approx 
mately .80. Each slide was presented for 500 mse 2: 

ac. interval during which 55 


followed by a 4.5-s : m 
could mark either “R or “C" on their data sheets, 
ation. 


indicating a judgment of row or column organtz 

The three groups of Ss were treated as Bell and 
Bevan (1968) treated their groups. The Ss m all 
three groups received 55 experimental trials each, 
in five independent block randomizations of the 11 
test stimuli. In addition, on every other trial the 
column group was given an extreme columnlike 
stimulus (described previously). The row anchor 
group received an extreme rowlike stimulus 0n the 
corresponding trials. The control group received 
no anchor stimuli, giving judgments on just the 99 
experimental trials. 
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Results and. Discussion 


The proportion of row mdgmen i ter ona 
S and stimulus was computed. din 
poses of data analysis, these proporti i 
were transformed to twice the ate sine 

ortion’s square root. W hen the 
p cay If was either 1.0 or 0.0, the 
proportion itself was ei ; gus 
transformation was performe on va u 
9 or .1, respectively. These substituted 
proportions are z:1.0/2n, where n is the 
number of observations upon which the 
proportion is based. Only data from 55 
experimental trials have been analyzed 
since they are the only ones common to all 
groups. It might be mentioned, however, 
that row responses were made to virtually 

100% of the interpolated anchor stimuli 

given the row group, and column responses 

were made to virtually all of the inter- 
polated anchors given the column group. 
The analysis of variance showed th 

differences among groups, F 

and the main effect of sti; 

(10, 270) = 80.07, were botl 

cant (p < 00), T 

stimulus type and g 

cant, F (20, 270) 

As in the Bell 

ment, which the 


replicate, the Proportion of ro 
is greatest for 


the row sroup, and inte 
control group. 
Least squares fj transformed 
Proportions were obtained in Order to es. 
timate the ints of Subjective equality 
(PSE) for each group. The equations of 
the best-fitting lines were; g = _ 1.825 
351.98, £g 1.435 4 135, and z= 
= 1.905 4- 2.21, for the control 
column groups, respectively, 
unit normal deviate of the Proportion of 
TOW responses, and ; is i tween 
horizontal and ve ances in a stim- 
ulus pattern, an squ 


le interaction between 


P< 07 
experi- 
' attempts to 
w judgments 
roup, least for 
Tmediate for the 


are errors 
* For the row grou 


extreme row pattern (other th 
pattern) was lost becaus 
Thus, this pattern yy: 
the row group. 


P, one presentation of the Most 


an the row anchor 
€ of mechanical failure, 
as only Presented four times to 
A similar error 


caused the column 
group to receive only four Presentations d the 
neutral pattern. These losses have 


been compen- 


sated by using percentages as the basic data for the 


experiment rather than frequencies, 
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about the fitted lines are .35, .35, and p». 
respectively. Solving the least ee i 
z = 0.0 gives PSEs of 1.06, .80, and T i 
for control, row, and column groups. ^ d 
and Bevan (1968) report 1.06, .87, po 
1.19 as the corresponding PSE values. I ne 
correspondence between the values in our 


a 


experiment and those of Bell and Pema 
striking Just as in the Bell and Bevar 
study, then, the PSE for the column group 
is shifted toward columnar stimuli, while 


the PSE of the TOW group is shifted in the 
Opposite direction. 


To facilitate visual comparison between 
our data and those of Bell and Bevan 
(1968), Figure 1 shows our data plotted as 
Bell and Bevan gave theirs, 
az NN dd ad 


* Although the numerica] 


new identity of our 
data and those of Bell 


and Bevan (1968) is eh’ 
too much ought not be made of that 
ince one cannot tell from their article 
S Cons were fitted and PS 
estimated. William Bevan was kind enough to send 
us the data from the experiment by Bell and Bevan 
and has informed us that they fit. their psycho- 
metric functions "with the aid of French curves 
To insure c. een our PSE estimat ^ 
s for the Bell and Bevan experi- 
ment, we have obtained least Squares fits to their 
ata using the Same procedure as for our own data. 
The PSES which result from the least squares equa- 
tions are 1.13, .82, and 1.23, for the control, row, 
and column groups in the Bell and Bevan experiment. 
An examination of the residuals (predicted 3 
values minus obtained z Values) from our least 
tes that there is a distinct non- 
nt in our data which remains after 
lation (see Draper & Smith, 1966). 
Course that the original, yg 
not terribly well described by the 
“mal curve, We believe that d^ 
n of this Nonlinearity in s for the 
ata can be accounted for by sub- 
at either end of the 
ially at the basement ane 
tric function. This suppose 
ne Outcome of fitting I 
3 3 insformeg proportions of on i 
the middle fiy timuli, ie, from 1.25 to 80, iare 
zontal to vert ratios, The best-fitting gautai 
ae these truncated least Squares fits are; 2 = 
BES b 380, zz 2.325 + 1.81, and 2 = F 
3.83, for control, row, and column PEN 
» With Average root mean square eu 
5 derived from these Sah 
i * 99, 78, and pU 
the magnitude and order al 
three groups while shifting w 
U toward lower hori 


Squares fits indica 
inear compone. 
the z transforn 
This Means of 
formed dat 


'S supported by u 
unctions to the try 


"o Nicely 
es among the 
s somewha 
Vertical ratios, 


Por 


100 F 


PERCENT "ROW" JUDGMENTS 


2.0 


Fic. 1. 


for the row group.) 


EXPERIMENT [I 
ban M edge: established the com- 
io cime as A red pe 4 
t will be à sor led 1 i 1 RFE eee 
and Ar ee ed that both RFE theory 
tone on aeo: y made the Same predic- 

Eid t sa experiment. | The second ex- 
cr - Uses the same stimuli and appa- 
lan, Mer ais where adaptation-level 
e a in pesponse-frequency-equalization 
TA : a quite different predictions. 
sented ral, two dot patterns are pre- 
and S makes a forced-choice re- 

". ee which of the two patterns 
either he ay neutral (i.e., least like 
Far pe columns in its organization). 
compar: pe in this experiment, the 
interest are between a phys- 

Neutral dot pattern t 
„Patterns used j 


three g 
isons o 
and one of the 
rit, ingre M n the first experi- 
Or one re R e neutral pattern itself. 

5 ; TOW group, on every other 


YS are give ; 
row anchor Swen two identical, extreme 
jud, Patterns, agai ej aske 
gain being asked to 


Se which of 


the two is more neutral. 
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1.25 1.0 0,7 0.5 


HORIZONTAL TO VERTICAL RATIO 


The percentage of row responses for each group as a function of the 
ratio of horizontal to vertical separation of dots in the stimuli. 
data for the column group, filled circles for the control group, and unfilled circles 


show 


(Cross 


The repeated presentation of extreme row 
stimuli should, according to adaptation- 
level theory, shift the adaptation level 
toward rowlike stimuli. "This would cause 
physically neutral stimuli, as à result, to 
appear slightly columnar. The experimen- 
tal consequences of this shift in t ma 
be represented as follows: When a slig a y 
ind a neutral pattern are 


like pattern 4 : 
rowlike patte trial, the slightly 


presented on the same ' eps 
rowlike pattern, being closer te à et 
should be judged—erroneously- "a m 
more neutral of the two. In ete d ie 
theory predicts a shift in the I SE for “| 
row group away from the physically neutra 
stimulus toward a more rowlike pattern. 
For another group in Experiment II, the 
column group, Ss see, on alternate trials, 
two identical extreme columnar patterns. 
Again, the repeated presentation of ex- 
treme column stimuli should, if AL theory 
is correct, shift the AL toward columnar 
stimuli, causing a physically neutral pattern 
to appear rowlike. By reasoning similar to 
that given above for the case of the row 
group, for the column group, adaptation 


"-— = eS 
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level theory predicts a shift in the a 
vay from a physically neutral pat eri 
eae one that is columnar. In Expert 
ment II, a third, control, ERE UECBIVES np 
extreme anchor or adapting stimuli. ed 
all groups, on the trials when a neutra 
stimulus is compared against one of the 
eleven test patterns, the temporal position, 
first or second, of that neutral stimulus was 
randomized. According to response-fre- 
quency-equalization theory, this randomi- 
zation should spread the effects of any 
possible response bias (i.e., bias produced 
by using too many first or second judg- 
ments) evenly across all neutral and non- 
neutral stimuli alike. With response bias 
thus cancelled out, if there are differences 
among the groups—similar to those of the 
first experiment—we may conclude that 
the data of the first experiment and those 
of Bell and Bevan (1968) were the product 
of genuine sensory adaptation, However, 
with response bias cancelled out, Should 
the differences among the groups disappear, 
we must conclude that the differences in 
the first experiment and those by Bell and 
Bevan were the result of ersatz adaptation, 


of the tendency of Ss to use available re- 
sponses with equal frequency, 


Method 


Subjects. T ‘graduate students 
from lower-ley Courses served as Ss, 
They were paid $2 for their service and, in addition, 
were informed about their eligibility for a $5 bonus 
that would be given to the single § whose judgments 
of neutrality had the few errors. The instruc- 
tions about the b ^? was actually pai 
served to enhance attention. ang conce; : 
curacy in judgment, Eleven Ss were 
domly to each group. 

Materials and procedure, 
ceptions, the materials 
as those described for 


onus, 


rn for ac- 
assigned ran- 
With t 


he following c; 
and procedu 


re were the 


r ame 
i Xperiment [, The Ss in all 
groups were given the following Sequence of events 
on each trial: One slide wa 


{ as presented for sec, 
then, after an interval of 2 sec., another slide wa. 


presented for .5 sec, The Ss had the following 9s 

to mark either “1” or "2" on their data sheets to 
indicate whether they thought the first or second 
pattern presented was the more neutral, The Ss 
in the control group received 55 trials, representing 
5 independent block randon zations of the 11 test 
stimuli, each being paired with the neutral stimulus, 
The Ss in the row g Same order 
of these 55 trials » ON every other 
trial were me row Patterns, 
identic in Experiment l. 
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The Ss in the column group were treated zd | 
in the row group except that they were shown Pd 
of extreme column stimuli on alternate trials ES kn 
than extreme row stimuli. On those trials, p 
groups, where a neutral stimulus was nging Cae 
pared to one of the 11 test stimuli, the te m a 
order of the neutral stimulus, first Gi Second p d 
sented on that trial, was randomized. The Ss we 


i " : Ap ement 
Tun one group at a time with a seating arrangen 
similar to that of Experiment I. 


Results 


Only the data from the 55 trials per 5 
that all groups had in common were ana- 
lyzed. Judgments of the extreme anchor 
stimuli were not analyzed since they were 
included only to produce a possible dif- 
ferential shift in AL, The basic data were 
the number of times each of the 11 test 
stimuli was judged less neutral than the 
Physically neutral stimulus. The frequen- 
cies were converted to proportions and then 
transformed to twice the arc sine of the 
Proportion's square Toot. These trans- 
formed scores were entered into an analy- 
sis of variance. Ag in Experiment I, pro- 
portions near 1.0 or 0.0 were adjusted to 
Sor. “Die analysis of variance showed 
only a Significant main effect of stimulus 
type, F (10, 300) = 41.85, p < .01, with 
neither the main effect of group nor the 
interaction between Sroups and stimulus 
type approaching Statistical significance, 
F (2, 30) = .96, P > .50 and F (20, 300) 
The data, expressed as 
» are shown in Figure 2. The 
Same curve has been drawn through the 
data for all groups. This curve represents 
the mean values for all three groups. T hg 

gure is Presented this way to permit the 
reader to determine for himself, indepen- 
' of the analysis, whether there are 
Systematic differences among the group 
hs visual Presentation plus the analyst 
of variance leads us to conclude that H 
arge and Powerful group difference e 
in Experiment l and in the Bell and pr 
(1968) experiment has evaporated. UPS 
the forced-choice Procedure used in 
Present experiment, 
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The article p. 
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function Crown fina of nonneutral respor a 
tion of Ba the ratio of horizontal to vertical separa- 
Rroup dios in the stimuli. (Data for the control 


shown in the top section, data for the row 
the middle section, and for the column 
he bottom. section of the figure. Each set 
above been displaced by a constant amount 
Ti € its lower neighbor to facilitate insy 
he curve shown in every panel is the gr 
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Stimuli upon a different gestalt prin- 
Perceptual organization. The experi- 
Was oy 4 = have replicated was one which 
oin PG to show that the contribution of 
level, a could be altered by adaptation 
Similar S ed gg purported to show 
(aes s for t > inci 
oe he gestalt principles of 
Y, “good continuation," and ‘‘clo- 
effects MODA present study shows that the 
alleged see by Bell and Bevan (1968) and 
cration ok how changes in the perceptual op- 
| sposa ween are merely the product 
b las, as s ^s i 
V Sekule Pee is suggested some time 
: x 
Perime o Pose tha 
3 Nts re 
Similarly A 


Similar 
Sure.» 


rd ago 
e pacher (1971). This leads 
ee if not all, of the ex- 
ed by Bell and Bev: 1 
LO 3 a evan are 
requeney Xplicable: in terms of response- 
UDporti equalization. Thus, ra p 
or Mug fieles [in s, rather than 
Ree exist forn (1966) proposition that 
Zous to chiens ns of spatial adaptation analo- 
d Bevan's i adaptation, we believe Bell 
" of Dacha the claim that a wide 
ten qi Rinateq b p Ysical experiments may be 
equ iene / to by heen artifactual effects of S's 
2 Spon. at i a 
p requency [Scho se with approximately 
i^ iler & Erlebacher, 1971, 
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It must be made clear that we are not taking 
the position that all evidence of spatial adapta- 
tion is to be written off as being the result of 
response bias. We believe that there are 
several valid demonstrations of spatial adapta- 
tion, some measured under forced-choice con- 
ditions. These experiments make rival hy- 
potheses extremely difficult to conjure up. We 
also believe that wherever possible, forced- 
choice procedures ought to be used in studies 
of visual adaptation or, at an absolute mini- 
mum, precautions should be taken to remove 
response-frequency equalization as a rival hy- 
pothesis for explaining findings that presun- 
ably are meant to illuminate working of sensory 
processes. This caveat must be seriously con- 
sidered regardless of the psychophysical pro- 
cedure used—whether it be method of constant 
stimuli, limits, or adjustment. The present 
experiments do show that, given converging 
operations, it is possible to distinguish sensory 
effects from those which are due to response 
processes or biases. 
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To test whether sape 
process for same deci: 
the two letters presented simult 
irrelevant material in 
material was placed ni 
same and different re: 
material, which was 
thus prevent global 
diferent judgments, More false 
especially when an asymmetrica 
explanation of the typically lor 
sponses: Imperfectly encoded noi 
so S must double check and verif 
before responding different, 


-different judgment: 
sions and a serial 
aneously 
à symmetrical or 
ext to each letter, 


intended to g 
comparison, 


ive ea 


different 


y fea 
all 


When S judges whether 

the same (e.g., AA) or differ 
his response time (RT) ty 
for same than for differen 
(e.g., Nickerson, 1965). This finding has 
led some investigators to postulate that, 
to a degree, different stimulus-comparison 
processes subserve sume and diferent deci- 
sions. According to the dual-process model, 
same judgments are based mainly on image- 
or template-matching and involve a global 
holistic comparison of the two items in a 
pair, whereas different judgments are based 
mainly on a slower seria] process (Bamber, 
1969) in which S may name the two letters 
(Krueger, 1970) and may recheck the pair 


ne exactly where the 


two items are 
ent (e.g., AB), 
pically is shorter 
it stimulus Pairs 


In order to determi 
difference lies (Tve 


ce tsky, 1969). |n most 
sume-different Studies, the two items in a 
pair are presented SUCCessively, but when 
two uppercase letters are 


Presented simu]. 
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did increase RT 


al surround wa 
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ferent pa 


NT SURROUNDING MATERIAL ON 


RENT JUDG 
T LETTERS 


RUEGER = 


MENT OF 
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niversity of New York 


s depend on a fa 


ist global comi 
ss for different dec ions, 
for comparison were bracketed with 
asymmetrical fashion, ie., different 
The symmetrical material affected 
equally, whereas the ymmetrical 
ich letter a different framework and 
more for same than for 
alse same responses were made, 
is included, which suggests an 
ncies for different than for same re- 
tures produce spurious mismatches, 
but the largest Perceived differences 


than f; 


taneously, 
different pa 
(1973) 
though + 


shorter RT for 


same than for 
irs has he 


en found by Krueger 
and Egeth and Blecker (1971), 
hot by Posner and Mitchell (1967). 
n the present Study, to test the dual- 
Process model the two letters presented 
simultaneously for comparison were each 
undergirdeg with the Same irrelevant mia 
terial (symmetrical condition), with dif- 
ferent material (asymmetrical condition), 
or with no Material at all (no-surround 
Condition), Jt Was predicted that the ie 
relevant Material would increase RT in 
general, but same RT Would increase more 
than different RT in the asymmetrical case, 
and different RT More than same RT in the 
Symmetrical case. The global comparison 


Process Postulated py the dual-process 
Model to unde e 
be disrupted 
tion, wj 


Slower 


rlie 


to rely more on V 
ition process for ai 
nt judgments. In the at 
ition, on the other hand, p 
arisons of same pairs ought d 
largely unabated, whereas pes 
and identification involved in 2 
irs ought to be slowed much mor 
“rueger (1970) Presented vertical p 
symmetrically to both the left and ea 
Ol each of , adjacent letters and er: 
that the t Of the lines affected d^ 


€ 


global comp 
Proceed 
naming 


wo 
heigh 


NS 


ies but not same RT. Different RT was 
E rum the vertical lines had the 
P nian p as the letters, thus producing 
m c pare ground separation between 
that Es hs etters. Phe results suggested 
vec ii ay or named the two letters 
relied on aking a different response, but 
Gassing “hod dede global comparison encom- 
Sis co i the letters and the symmetri- 
: Y arranged surrounding lines in the 
same case. b 


METHOD 


In Binari 
bier ee I and II, an underline was placed 
asymmetrical or the right letter in a pair in the 
i EU! Condition and under both letters in 
metrical dd condition (see F igure la). Asym- 
symmetrical à A were randomly intermixed with 
; but Paige an no-surround stimuli in Experiment 
before or afi Moles aie: block, presented either 
trials, in x ds _ the symmetrical and no-surround 
Metrical he cun Il. In Experiment III, asym- 
the Wunder. ‘again formed a separate block, but 
Placed fons MS replaced by + and = which were 
ine (seo Fi eua from the letters than the under- 
Visual TEES Hah Further, to eliminate any 
le 4. "EN ne ges might induce eye movements, 
Gins of Ma ynihals; which chad been chosen 
Were placed € red visual size and "weight," 
etters in es » above and below each of the two 
Conditions gr the symmetrical and asymmetrical 
not involve x mmetry in Experiment III thus did 
PUL was cánh idi presence or absence of a symbol, 
metrical ER "to the feature aspect: In an asym- 
One letter ünd ea a id dta, sige ea below 
Abparanie p bove and below the other letter. 
Stimuli were presented on a Ger- 


bra, 

ads tacl 

" ds tachistoscope (Model B-1), which has 
fields (all set to 


limers 
VENUE three exposure 
n snsity 

Lome intensity of 4 mL.), each with a semi 
Sured in m changer. Information on RT (mea 
timer) pa ope by a specially built electronic 

a which response S made 
oo se S made was recorded on 
sis, po PaPer tape for subsequent computer analy- 


Max 


m eae oe trials 
Sted to do so by a trial before. being 
a capital Nee Each stimulus consisted of 
“nderline fe along with irrelevant pss del 
2 and centered car, Pedin 12-pt.. IBM Cantier 
igure 1), Riven a 4 X 6 white index card roe 

Dice, Rune hanes separated the two 

viens am am the two letters subtended 

Docs nele of 1.25°. The vertical 
iter d MAD was.2?. In Experiment 
Fg Surround was separated by 

e total vertical vpn ately above and below, 
400 je angle was 1.59. 
Pairs were put on cards. 
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Fic. 1. (a) The four types of stimuli used in 
Experiments I and I1 (one no surround, one sym- 
metrical, and two asymmetrical); (b) four of the 
five types of stimuli used in E yeriment I1 (two 
symmetrical and two asymme cal). (The no- 
surround type, also used in Experiment IL], is not 
shown in Panel b, but may be seen in Panel a. 
Except for photographic reduction, the examples 
are exact replicas of stimuli shown to Ss.) 


In one set, used in Experiments ] and II, on 100 
pairs cach, (a) the left letter alone was underlined; 
(b) the right letter alone was underlined; (c) both 
letters were underlined; and (d) neither letter was 
underlined. In the second set, used in Experiment 
II, similarly on 100 pairs cach, (a) + appeared 
above and below the left letter and = above and 
below the right letter; (b) + appeared above and 
below the right letter and = above and below the 
left letter; (c) the same symbol (4- on 50 pairs, — 
on 50 pairs) appeared above and below both letters; 
and (d) no symbol appeared above or below either 
letter, Thus, both sets of cards contained 200 
asymmetrical pairs, 100 symmetrical pairs, and 100 
no-surround pairs. Further, in both sets, half of 
the cards contained two identical letters and half 
contained two different letters. ‘The letters were 
randomly sampled from the 26 letters of the 
alphabet. 

The 400 stimulus cards used 
were divided into 10 sets of 40 cards each. : 
set, 20 same and 20 different pairs were intermixed 
randomly, except that no more than four cards in 
succession could be either same or different. In 
periment I, each set of 40 cards contained 1 
each of left underlined, right underlined, both under- 
lined, and neither underlined stimuli. The 10 sets 
of 40 cards were presented in a different random 
order for each S, but the random order within each 
set did not vary across Ss. In Experiment II, one 
block of five sets of 40 cards contained only asym 
metrical stimuli (left underlined, right underlined), 


in each experiment 
In each 
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and the other five sets pel metria goh 
i -5 1 stir i a 
R MEL sets were presented Pel [de 
he five sets, a after the other five sets 
a a half ub x corresponding arrange- 
ane of five asymmetrical STAN Kim eal 
sts was used in Expe I. 
p oe ded were instructed to keep their 
€ ipse midway between the two letters ina 
s as indicated by a prior, small black fixation 
Hor. On each trial, the fixation point appeared for 
.8 sec., then the letter pair appeared for .6 ES. 
after which the fixation point reappeared for 2. 
sec. The S's response did not terminate the stimu- 
lus display, which always remained in view for 
-6 sec. The E changed the stimul 
responded, so that 3 sec. typically elapsed be- 
tween the end of one trial and t 
next. A buzzer sounded briefly 
incorrect button or pressed b 
card appeared. 


the stimulus 
S received eight 
stimulus cards, 
ed four practice 
trials and four 


Half of the Ss 
and the left button for diffe 


Pressed the right button fe 


rent, and h 
and the right button for 
asked to respond as quickly 
t the expense of 

for the 50. 
if his error rate w; 
Sponse was in the 


X same 
alf pressed 
the left button for same 
diferent. The Ss were 
as possible, but not a 
Each S was paid $1.50 
a bonus of $,50 
is speed of re. 
Ss, 
Subjects. Ten Cit 
graduates served as 
20/30 vision 


accuracy, 
min, Session, plus 
as below 5% and 
top quartile for all 
Y College of New 
Ss in ea, 
or better 


York under- 
ch experiment, All had 
as tested with a Snellen chart, 


RESULTS 


all 
638 msec), F (1, 27) © 5.26, p < Qs. i, 
Experiment IJI analyzed Separately (601 
vs. 584 msec.), pF (1, 9) = 9.02 
but not in Experi 

error rate was hi 
so, for sym NO-surround 
trials for 


ts combined 
92 


he Symmetrical 
vs. No-Surround X Same-pj. erent 
analysis, 
trical condition Was virty- 
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ally the same as the no-surround sore 
on different judgments (3.4% vs. 3.3 ge 
but was slightly higher on same judgmen s 
(5.5% vs. 3.9%), On RT, the bien 
for the Symmetrical condition as compare 

with the no-surround condition was virtu- 


ally the same for different as for same deci- 
sions (8 vs, 7 msec.). 


Because the Symmetrical and no-surround 
conditions 


Produced such similar results 
and because, as compared with the asym- 
metrical condition, both were predicted to 
produce a similar RT profile (faster sume 
than different decisions), they were com- 
bined in all analyses involving the asym- 
metrica] condition. The term "symmetry 
thus will refer to the comparison of the 
asymmetrical condition with the combined 
symmetrical and nO-surround conditions. 

As Figure 2 shows, mean RT was slightly 
higher for the asymmetrical condition in 
each experiment, but Symmetry did not 
Significantly affect RT for the three ex- 
periments combined nor jn any individual 
experiment. The Symmetry X Sume-Dif- 
ferent interaction, however, was significant 
in Experiment I, F (1, 9) = 6415, p < 
001 ; Experiment II, F (1,9) = 9.95, p < 
:025; and for the three experiments com- 
bined, F (ly 27:5 34.90, p < .001. The 
interaction stems largely from the tendency 
Or the increase Hi RT foe asymmetrical 
(vs. Symmetri 


ical) trials to occur on same 
rather than on diff 


cher erent pairs, For same 
stimuli analyzeg Separately, the asym- 
> EE" asymmetrical — 
Ef 750 — tymmatiteal ondine surround 
£ a ——— 
E730 \ Expy &4p. EXIT 
= x RN me 
frio» N 620 = 
i x ed 
= feo ` 600 
ET 
Some Diff Sons Tb, 


in milliseconds, Es 
or asymmetrical and ns, 
and symmetrical condan 
» I, and III. (Underlines W in 
nts I and lI, and + and e in- 
Pod. Chie asymmetrical trials bru 
h other trials in Experiment 1, but a 
a separate block of trials in Experiments 
N fach, for Experiments l 


XPerime, a 


MEAN Percextace Error R 


7 E, BY STIMULUS 
CONDITION, 1 ae 


I, I1, axp HT 


Stimulus condition 


Symmetrical and 
no surround 


Experiment Asymmetrical 


Same | Different Same | Different 
n 48 | 30 | 66 | 26 
m $4 | $3 | 67 | 38 
T tie 3: 3.7 5.0 | 2.6 
BE vain I 4.7 3:3 | 6.1 3.0 
Note, naa mi 


response The errors listed under S e 
Sbonsez, y LNG errors under Diferent represent false s 
= 10 each, for Experiments I, I, and TE 


metrical etim 
B9] stimuli showed significantly longer 
E od than the symmetrical and no- 
Fi. 9} — both for Experiment |, 
experiments 10; p< 025, and for all three 
De Aig F (t, 27) = 7.67, 
Separately or diferent stimuli analyzed 
Dunn" x le asymmetrical RT was sig- 
ES rs orter in Experiment I, F (1, 9) 
Sohnes? < 05, but not for all three ex- 
E combined (F < D. 
nnana diüferen! R r did not differ 
ies y in any experiment or for all 
erene reng combined. Significant 
Tate anal A. 2 found, however, on sepa- 
metric E or asymmetrical and for sym- 
ie aii ruris i conditions. For 
M Pd us rig condition, different RT 
ie cs y shorter than same RT by 
EAN (1, 27) = 5.18, p < .05, for 
xperiments combined; and 


~ msec., F 9)— TR 
Experiment a 9) = 7.84, p < .025, in 


Metrical 


all 


I and by 12 msec. in 
2 P (1, 9) = 5112, p < .05; 


= msec. in Experi 
= Rive : In Experiment o 
75,9 2 IH, F (1, 9) 
"Igure 2 
"a m shows, the effect of sym- 
ene vs. different RT is much 
netrical Jn Experiment I, where 
With oe cards were inter- 
nmetrica] ; 
Wie than i» p tical and no-surround 
"Xperiments II and III, 


the , 
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Ymmetrical stimulus cards 
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TABLE 1 formed a separate homogeneous block. 


The three-way interaction, Experiments 
l, Il, 11 X Symmetry X Same-Different, 
was significant, F (2, 27) = 6.51, p < .025. 
Separate analyses between each pair of 
experiments revealed that the relationship 
between symmetry and same-different was 
significantly different between Experiments 
I and II, F (1, 18) = 7.85, p < .025; and 
between Experiments I and Ill, F (1, 18) 
= 17.89, p < .001; but not between Ex- 
periments I] and I1 (F < 1). The three 
experiments did not differ significantly on 
overall mean RT. 

On error rate, shown in Table 1, sym- 
metry had no significant effect, but same 
vs. different did. The Ss made significantly 
more errors on same, i.e., false different 
responses, than different letter pairs for all 
three experiments combined, F (1, zi) = 
21.60, p < .001; in Experiment I, F (1, 9) 
—11.16, p < .01; and in Experiment ll, 
F (1, 9 = 833, p < .02 The Sym- 
metry X Same-Different interaction Was 
significant for all three experiments com- 
bined, F (1, 27) = 5.38, p < .05, but not 
for any individual experiment. The inter- 
action reflects the fact that same and dif- 
ferent differed more in the asymmetrical 
condition. The triple interaction, Expert- 
ments I, ll, IH X Symmetry X Sume- 
Different, was not significant (F € 1). The 
three experiments did not differ signifi- 
cantly on overall error rate. 


DISCUSSION 


It was predicted, based on the dual-process 
model, that (a) adding symmetrical irrelev ant 
material would increase RT more for different 
than for same judgments, whereas (b) adding 
asymmetrical material would increase RT more 
for same than for different judgments. The 
first prediction, concerning symmetrical ma- 
terial, was not confirmed. Krueger (1970) 
found that placing two vertical lines of letter 
height next to each letter, increased RT more 
for different than for same responses; n the 
present experiments, the added material (an 
underline or the more distant + or =) may 
simply have been less effective in obscuring 
letter features. In the symmetrical and no- 
surround conditions, however, the typical find- 
ing of shorter same than different RT was con- 
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firmed. "The shorter. RT for ee 
cannot be attributed simply to a grea ier 
ce for responding same because 
ness or preference ineamiW dm 
Gne Tea onse bias for same 
ditions, where such a respi : ieDonded 
ought to be strongest, Ss more 5 CEDIEESD AUS 
different (50.7%) than same (49.3%), ma ing 
more false different than false same Tig vem 
The second prediction Was confirmed : f s 
ing asymmetrical material did increase 
more for same than for diferent judgments. 
It was predicted, more specifically, that the 
asymmetrical material would merely eliminate 
the typical difference in RT between same and 
different by forcing Ss to rely on a slower serial 
identification process for same as well as for 
different judgments. The prediction was 
largely upheld in Experiments ll and HI. 
The deviation from the prediction in Experi- 
ment I, where in the asymmetrical condition 
different RT was significantly shorter than 
same RT, may reflect a tendency for Ss to 
incorporate the underline with the Material 
being compared. 

In Experiments II and HI, the a 
cal stimuli were grouped in 
of trials so that Ss could 
adopt a rule to filter out the asymmetrical 
material. Further, the underline used in Ey- 
periments I and II may have been difficult to 
filter out; lying quite close to the letters, it 
may have formed an integral unit, or gestalt, 
with the letters (cf. Garner & Felfoldy, 1970). 
Some Ss reported that the underline disrupted 
their comparisons of Pairs such as OO and Tif: 
Therefore, in Experiment III, the irrelevant 
material was placed further away from the 
letters and was made more Visually balanced, 
So that it might be Nore easily filtered out. 

The changes Made in Experiments IT and 
IIT were effective jn rendering RT approxi 
mately equal for same and different in 
asymmetrical condition, as Figure 2 shows, 
On error rate, however, the asymmetrical ma- 


terial did the difference between 
same and different stin three experi- 


symmetri- 
@ separate block 
more Consistently 


the 


ments, 


same rate for as 


Symmetri- 
cal and no-surround stimuli, but false different 
responses were much higher for asymmetrical 
than symmetrical or No-surround stimuli, In 
the more difficult asymmetrical Condition, Ss 
may simply have felt a greater over adi. 
ness to respond different, but the 
ance of different over | 
slightly greater in the asymmetric, 
(51.6% v 48.4%) than in the 


Symmetrical 
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and no-surround conditions (50.7% vs. 49.35 p: 
Rather, it may be that 5s did not suceued t 
completely filtering out the irrelevant asy A 
metrical material even in Experiments H ar 
II. The irrelevant material in wp 
III (+ and =), even if nonintegral with Rr 
letters, could have interfered with same Heus 
in the asymmetrical condition by providing 
an alternative, competing stimulus which * 
naled a different response (cf. Hawkins P 
Shigley, 1972). Egeth (1967) noted that i 
may be particularly difficult to ignore ircelé- 
vant dimensions that engender competing 
responses, 
The notion of competing responses or con- 
llicting cues, When applied to the set of relevant 
dimensions, suggests one possible explanation 
of the longer RT for different responses. inte 
only one feature need differ in order for b 
stimulus pair to be labeled different, there je 
be many features that typically are identical 
in a different pair and thus constitute cues for 
the incompatible Same response. No such in- 
compatible cues can impede a same response 
Pecause all features Must be identical for a 
stimulus Pair to be labeled same. If incom- 
patible same cues interfered with the different 
response, however, Ss ought to have been less 
` s slower on diferent than on 


25 made more errors on same 
than on different pairs, 


higher error rate 


for same pairs also 
Would seem to [s 


ontradict the notion that 38 
responded faster to same pairs because it 1s 
easier to form representations of two identical 
letters than of two different letters. In choice 
RT tasks, imm Tepeated stimuli typi- 

1 aster than nonrepeated 
stimuli, which Suggests that RT may be losses 
an for different judgments because 


í t | nes à 
8 of one item in a pair produces @ 
facilitation th 


the encodin 
Short-term 


at allows the secon 
item to be read in more rapidly when E 
matches the first (cf, Eichelman, 1970; Entus 
os Bindra, 1970), Such facilitation ought n 


H 
re accurate as well as more er 
. 1 D 
ntical or same stimuli, for 
* Was higher for same than 
he effect of th 


te ma 
Same jud 


H u 
* asymmetrical material Ov 
Y yet be revealing as to “dis 
“8Ments typically are faster than te 
erent Judgments, First, it should be no e- 
that Presenting two capital letters simultan y 
ously for Comparison led to a significan nt 
higher ror rate for Same than for pri 
Pairs not Only in the present study, but i 
In previous studies by the author (Krueg 


— 


4 
Ü 


Y 


IRRELEVANT STIMULI - 


97 > . 
NS means l; Krueger, 1973). The 
feral Pies irrelevant ; mmetrical ma- 
Morass Gene introduced actual physical dif- 
Ed the Sithe letter-pair ituation, accentu- 
ois ES ne of false different re- 
Bin cg TIE even in the normal no- 
when the ze perceived differences often arose 
actually id ud letters being compared were 

j entical 

The S f 
that fez 


purious differences, in turn, suggest 
Ravine pci cng reaching the com- 
Parison aac was faulty or that the com- 
son (1965) eared was error prone. Nicker- 
in the ed iade no allowance for such “noise” 
that the Fico d process when he remarked 
judgments h er ls r for same than for different 
need only. n puzzine because 5 presumably 
Order to X discover one differing aspect in 
tities = that two letters are different, 
he BRUNE em determine that they are identical 
that there amine every detail to satisfy himself 

Is no way in which they are not the 


Sam, 

e[p, 173" op ; 

dene ur Fhe seeming paradox will be 
4 əy showing how an reliable c 

Parison ded. g in unreliable com- 


ties for lacs 4 might present greater difficul- 
rs ie i i han for same judgments. 
Mainly ta sg process may be unreliable 
the eee nee S does not always wait until 
les, A a ation of one stimulus is perfectly 
hat of ie free before matching it with 
Mitchell fhe other stimulus. Posner and 
taneously ag presented two letters simul- 
about 79 = ound same judgments to be 
Sg. AA) - faster for physical matches 
Beller ne an for name matches (e. ). 
Batches y HO) proposed that the physical 
Whereas DURS from preattentive processing, 
M tehtive he name matches resulted from focal 
deii, ing. Neisser (1967) distin- 
P i mage processe from focal at- 
m d Et hat "the first is fast, crude, 
; and parallel while the second is 
P. 1975" attentive, detailed, and sequential 
Bate the a he preattentive processes REN 
'gural units whose detailed pem 
au fleshed in by focal attention. 
A mn po aee comparison 
Pi c Mors Be presented to 
à dom 4 atencies for same 
Pier sent model, it is postu- 
B = preis process begins early, 
alasi i Sud takes the form 
dere ped D and mis- 
ana ae large, quite 
Em zh, il , receive more 
rüber ia sse POWIE small 
k few ated that S 
ally exceeds a cri- 


are Clarified 
model 
Ocess, 
*Xplain th 
“gment 


fq. Preatte 
n a runnin 
latches g d 


Hia S 
'Scrimin 


as soon 
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terion level. The criterion level is held to 
depend on the expected or judged quality of 
the stimulus representation. A higher cri- 
terion is needed for comparisons at the pre- 
attentive stage where the features are crude 
and inaccurate, thereby producing spurious 
matches and mismatches. 

A crucial postulate in the model is that the 
presumably random processes, or noise, that 
degrade the stimulus at the preattentive stage 
will very rarely convert à physical mismatch 
into a perceived match; there simply are too 
many different values that a typical feature 
may take for a random process to have much 
chance of making two different values identi- 


cal. Much more frequently, the noise will 
change a physical match into a perceived 
mismatch. 


It is postulated, therefore, that S will accept 
all feature matches as real because of the very 
low probability that they are due to chance 
fluctuations, but will be much more cautious 
on feature mismatches. The S will respond 
same as soon as all features are represented in 
the tally and all indicate matches. The S 
will respond different, however, not simply 
upon registering a single feature mismatch, 
even though a single difference qualifies à 
stimulus pair as different. Rather, S will wait 
until the number and magnitude of the mis- 
matches pushes the tally past the value at- 
tainable by noise alone. The criterion is suc- 
cessively relaxed as the visual image becomes 
sharpened during preattentive processing and 
focal attention, so that a different pair con- 
taining slight, but discriminable differences 
will eventually meet the criterion. 


If the criterion is relaxed too rapidly, spuri- 
ous differences may exceed the criterion, there- 
False 


by prompting a false different response. 
same responses ought to occur very rarely be- 
cause of the rarity of spurious matches. This 
analysis would account for the greater number 
of false different than false same responses in 
the present study; the false same Daas 
that did occur might be ascribed largely to the 
occasional confusion that Ss experience as to 
which button to press, rather than to spurious 
matches. 

Nickerson (1969) presented 
A counter cumulates difference 
until either a count criterion is met, thereby 
prompting a different response, or a time Cri- 
terion is met, thereby prompting a same re- 
The basic model pertains to the single 


but Nickerson does propose 
in 


a related model. 
information 


sponse. 
dimension case, 
an extension to the multiattribute case 


which the count rate would depend both on 
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ifen imensions a n the 
the number of eer menina HUS on fli 
magnitude of the difference Woo UE d 
son's counter cumulates on y di 
Norm. tion, however, whereas in the present 
r We tally encompasses feature matches 
E. ll as differences. Further, Nickerson 
(1969) minimized the role of noise: " even zero 
differences between stimuli will produce ds 
count, although the mean count rate in ih 
case will be relatively low Lp. 259]" In the 
present model, on the other hand, the noise 
factor plays a prominent role; it is because of 
noisy, unprocessed features that the difference 
count does not start small and grow larger, as 
in Nickerson's case, but rather, when differ- 
ences are not present or are difficult to detect, 
starts large and grows smaller as further pro- 
cessing clarifies and sharpens the visual image. 
Finally, Nickerson's 


for different responses, 
model predicts shorter 
Situations and shorter R. 
situations. 


The Uppercase 
dy provide an 
example of a difficult discrimination, because 
the letters in a di i 
nearly identical in si 
and may even hav i 
(e.g., EF, OQ). 
ferences, which w 
differences that c. 
generated noise a 
require processin 


shading 
ntical features 
llt-to-detect dif- 
ould fall within the range of 
àn be produceq by internally 


lone, all different pairs would 
€ beyond 


the preattentive 
stage in order for the Tesponse criterion to be 
met. Many same Pairs also would r 
further Processing, so a. to dispel spurious 
mismatches, but at least some Same pairs would 
be processed clearly enough to yield a response 
at the preattentive stage, Thus, the response 
criterion generally would be met earlier on 
same than on different pairs, 

With €asy-to-detect differ 
ought to be reduced 
minor mismatches mi 
the tally, but the say 
theless require an ex| 
features, Different RT would 
more in the €asy-discriminat; 
cause the difference betwe 
would be too large to attribute t 
S would self-terminate 
a feature mismatch 


equire 


ences, 
Somewhat bec 
ght now be t 
ne response 
haustive int, 


Same RT 


Processing as , 
Was registered, 


^ 


KRUEGER 


ferent response thus would be ee 
early in processing, usually before ee 
could be registered on all features, as req 
a same response. . " 
eS gom have indeed foun 
shorter RT for same than for different ng "i 
ments when the differences are difficult m. 
detect, and shorter RT for different than : 
same when the differences are easy to pos 
Bindra, Donderi, and Nishisato (1968) found 
shorter RT for same when the lines being o 
pared varied minimally in length, but shor th 
RT for different when the differences in ees 
were larger and thus easier to discrimina E 
The same pattern of results held regardless d 
whether the two lines in a pair were prezen a 
simultaneously Or successively, Meu 
(1967) found same decisions to be much fas ^ 
than different decisions when the giteron 
involved only one attribute (size, color, M 
Shape), but not When the difference per 
two or three attributes, in which case differen 
decisions were faster in some conditions. 
Snodgrass (1972) found shorter RT for sue 
than for different judgments of complex wer 
patterns, whether presented simultaneously "| 
successively, When Simple patterns were pre 
sented, RT became shorter for different than 
or same responses in the simultaneous con 
dition, though not in the successive I 
Conclusion, The present article provides | 

more detailed rationale for the view that R 
typically is shorter for same than for different 
because same judgments are based mainly a 
global holistic comparisons, whereas different 
judgments are based mainly on slower senas 
processes (cf, Bamber, 1969; Krueger, a 
Tversky, 1969). In the Present model, th 


í + SET 
global Comparisons are attributed to Neisser 
(1967) first-stage pre: 


the serial proce 
attention, The 
Present model 


attentive processes a 
sses to the second-stage fons 
Te Is an clement of irony in p 
» in that different judgments à 


; i judg- 
held to be typically slower than same Jim 
ments, not because differences are more di 


cult to see 


» but r 
easy to See, 


ever 


so 
' are § 
ather because they t ru 
1 when they do not Bein, per- 
le check ali but the larges 


; iff eren 
erences before responding dif 


forcing S todoul 
ceived diff 
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STORAGE OF EVENTS AND 


A COMPARISON OF 


WILLIAM C. 


EVENT FREQUENCIES: 


TWO PARADIGMS IN MEMORY ! 


HOWELL? 


Rice University 


Comparable word lists were Presented 
four list lengths. Groups were distin 
recall vs. frequency estimation) 
quency). Words occurred 


of frequency information 
did depend upon set to 
importance in free recall 
an important factor in both. 


a significant de 


Event frequency is an important variable 
in at least two broad areas of memory re- 
search. One deals with S's ability to retain 
the information conveyed by a Particular 
event class (a word, a nonsense syllable, 
etc.) ; greater frequency Presumably yields 
better retention (Underwood, 1969a). The 
other focuses on the concept of frequency 
per se; greater frequency leads § to per- 
ceive an event class as more frequent, prob- 
able, or likely (Hintzman, 1969, 1970; 
Howell, 1970; Underwood, Zimmerman & 
Freund, 1971). Both of these o 
Vell established 


and both coy 
single underlying Process—tr; 
or multiplexing, for example 
Block, 1971). 
Suggest th 
might be 
Howell, 1970). 


Previous rese; S unanswered the 
Question of whether memory enhancement 
and frequency Perception are Mediated by 
the same Process. One Principal p 


that "memory" and -Irequency-pereer 
B ” s a 
tion paradigms have not typically. been 
employed in the same experiment, ^ 
memory paradigm, § is ir 
member events and, i "5 is tested for 
Tesearch was "upported by N; 
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Deborah L. Vandell and Martha M, Van Parys in 
collecting and the data is gratefully 
ack nowledged. fiia 

equests for reprints should b 
C. Howell, Department of P; 
versity, Houston, Texas 77001 
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aurally to four groups of Ss 
guished in terms of retention 
and instructional 


at frequencies of 0, 1, 2, 4, 6, and 10 in e: 
list, and S responded to each word as it occur 


turned out to be 


than in frequence 


at cach of 
task (free 
set (also recall vs. fre- 
ach study 
red by writing it out, Retentioa 
independent of set, while free recall 
gree. List length was of far greater 
Y estimation, but word frequency was 


this at retrieval: In various adaptations ol 
the frequency-perception paradigm he 1s 
tested using a frequency estimation or dis- 
crimination task after having been set for 
event memory (e.g., Hintzman, 1969), ire 
quency storage (e.g. Erlick, 1961, 1962, 
1963), or some vaguely described memory 


test (Underwood, Zimmerman, & Freund, 
1971). Underwood (19695) did compare 


event memory ang frequency responses 


following Similar lists of stimuli, but 58 
Performed the two t 


. and 
asks successively an 
each case under th 


e appropriate set. “The 
results showed high, but not complete 
agreement between the two measures, lead- 
ing Underwood to suggest that M 
Strength" ang the “frequency attribute 
are not identical, 

The Purpose of the 


1 
present study, then; 
Was to compare 


" ~ d 
the two paradigms directly» 
determine whether it is 1 


2 1€ 
Y to postulate more than 0t 
OCess, 


deed Necessar 
Frequency pr 
Were set for 


F. 
sted on either a ee e 
Y task. If the two paradigy 
a different read out of i i 
s SIC quantity (e.g., trace strengt e 
instructions should have no apprecia 
à bsequent retrieval. 
Tequeney instructio 


tial 
difficulty. I 


en 
ns pose one mr of 
S knows he will be teste | 


i i apwise 
this Attribute, and if the task is other ag 
not too demanding, he may actually n* ri 
tain y 


“cul 
Á : av OCC! 
a Tunning conn, of events as they 0 


| 
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SET AND THE STORAGE OF EVENT FREQUENCIES 


pe intuitive frequency process of interest 

ere would thus be masked by the highly 
E niin skill. Since the point at 
E. w ould abandon an overt counting 
a et not readily determinable, the 
Orthoro i memory load was introduced 
dhiided i 2 to the other factors: Lists in- 
Borde pa different words at comparable 
not of oe requencies. This variable was 
obvious! eres In its own right since 1t 1S 
actore : confounded with. such other 
Es iid me spacing and list length. It 
iculty € only to assure that dif- 
cate ys s were included above the point 
Which pesce and below the point at 

5s might simply "give up." 


METHOD 


pa miran apparatus. For each of the memory 
tively) Sons (10, 25, 50, and 80 events, respec- 
random e word samples were à embled by 
Eories EM Econ from the 1-10. per million cate- 
Was limit ae horndike-Lorge tables. Word length 
six Eae: id 3-10 letters. Within each sample, 
at mie (0, 1, 2, 4, 6, and 10) were assigned 
ists were t "d an equal number of words. W ord 
all the ft. iei constructed by a random ordering of 
being bs ga fius assembled, the only limitation 
Stcces; pe no word could appear more than twice in 

in any list. The result was sixteen lists 
115, 230, or 368 items apiece, four at each 
y load condition. Thus at Load 10, for ex- 
ained 2 words at each of the five 
at Load 80, it contained 16 


of 46, 
Memor 


De for ad : 
ately fucitary presentation at a rate of approxi- 
through 2/min. As each word was played back 
i Ye dus loudspeaker, SS recorded its occurrence 
ctr z lec 
on a piece of paper exposed through a 


Small wi 
all w ir 
Tiere HOW, The paper was moved beneath this 
je; S after each response so as to remove from 
arrange previous responses, This same masking 
tecord Fee was used during the test phase to 
Bin requency z ¥ " 
dividually. Juency and free-recall responses in- 
Subsonic. 
ects T 
emal a ten design. A total of 92 male and 100 
the: ege students were recruited and paid for 


i ssion of less than 1-hr. 
chen eame to groups was random with 
ated ovaries hat, insofar as possible, sex was 
4 5 factor] bs. „Sixteen groups were defined 
25, 50, and ao „ combination of memory load (10, 
nd response (r items), set (memory vs. frequency), 
Aere ie a vs. frequency estimation). Thus 
— 4 OS per group, three of whom per- 


lt parece 

Participati 
dura ys Ipatio ^ se 
uration), I n (one se 


16 re 


there 


a —— 
Actuall 
n i3 
> provid Y, 12, 30, 60, and 96 were drawn in order 


de s 
Ti some wi M : 
*quenc, * words that could occur with zero 
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formed on the same list. Word frequency, of course, 
was a within-S variable with five levels. For 


purposes of xperimental control, the design was 


viewed as a single 5 X 4 X 2X2 factorial experi- 
ment with one within-S and three between-S 
treatments. For analytic purposes, however, it was 


treated as two 5 X 4 X2 factorial experiments, 
since the response variable represented two very 
different dependent measures. The key issue was 
whether congruent sets produce superior perform- 
ance on the retrieval tasks, and if so, whether the 
frequency functions are comparable. If a single 
memory process is involved, set should have no 
differential effect in either case; if more than one 
process is involved, one or both congruent sets 
(memory-memory [MM] or frequency-frequency, 
[FF]) should yield better retrieval than its in- 
congruent control, FM or MF. If frequency con- 
trols different processes in the two paradigms, there 
should be some difference in obtained frequency 
functions. 

Procedure. ‘The Ss served indiv 
ted pairs. Each was seated at a d 
instructions appropriate for his con i 
presented. with each of the words in his list in à 
single familiarization trial. During this trial he 
heard each word only once, and was shown con- 
currently that same word printed on an index card. 
Instructions noted that these were the only words he 
would hear during the subsequent presentation, that 
each could occur any number of times, and that he 
would ultimately be required to recall them (memory 
set) or estimate their frequency (frequency set). He 
was further instructed to write each word, within 
5 sec. of its occurrence, on the blank paper ap- 
pearing in the window of the device on his desk. 

After the familiarization trial, he followed the 
prescribed procedure throughout one presentation 


of the entire experimental list. For lists in excess 
st period after 


idually or in isola- 
esk, was read the 
dition, and was 


of 46 items, he was given a 1-min. re D S 
every 46 words. Following the experiment 
presentation, a set of instructions approP™ te id 

read, 


either free recall or frequency estimation was ^ Al 
and S was given 15 min. to complete the Ie 
task. For free recall, S was told simply to list a 
the words he could remember. For frequency 
estimation he was instructed to write bets es 
word presented in the window the number ol ane 
he thought it had occurred, including 2er ist a 
previous li Each of the words in the ^ 
gether with an appropriate numbe 
quency items, was then presented ind 
At the conclusion of the retrieval ti S ticular 
was asked whether he could describe any Ss The 
strategy that he used to aid his memo explained 
nature of the experiment Was then fully f nod 
and his cooperation was olicited in not mM 
other potential Ss of critical details. 


ividually- 
ask, each 


RESULTS AND DiscussioN 


iges of recall scores 


Mean percent 
Over all loa 


Recall. 
able 1. 


are summarized in ‘I 


NLL C, AQ 


SBOE 


3E OF RECALL UNDER ALL 
ZAN PERCENTAGE OF REC. U 
is PAS MEMORY CONDITIONS 


Word 
Group fre- 


LOU FE 
quency 


10 | 25 | 50 | 80 | ar 


Memory load 


Frequency-Memory 


Memory-Memory 


M | 86|68|61|47 


levels and virtually all frequency levels, the 


et yielded consistently 
superior performance at retrieval. An anai- 


ysis of variance Supported this conclusion, 
F (1,88) = 5.98, p 


< .025 (one-tailed test). 
Load level and freq 


uency were, as expected, 
also highly Significant f. 


actors, F (3, 88) — 
3818, p< 01, and F 


(4, 352) = 86.36, 
D'« 01 respectively. None of the inter- 


actions approached Significance, 
"These results confirm 

that recall is sensiti 

Considering the 


Methodological differences 
the functions are Not inconsistent with those 
reported earlier by Underwo, 


od (1969p), 
; is the fact that 
ance recall over 
effect but to a 
© extent over all fre. 

d suggest that S relies 
heavily, but not exclusively, on the repre- 
Sentation of frequency (strength or multiple 
traces) in the recall paradigm, 

The residual advantage of 
instructions Probably reflects an 
Process, such as 4 scheme for 
stimuli, that 5 employ. 
set. Additional eviden 
interpretation 


is provi 
computed between ord 


congruent 
additional 
organizing 
S under 4 memory 
ce favoring Such an 


ded by Correlations 


er of reca] and word 
frequency for MM and FM Sroups. ]f 
frequency representation 


were the only 
quantity Soverning rec. 


all, one would expect 


Memory-Frequency 


x rder of 
events to be read out ale the 
decreasing drequenny. x aes (FM): 
case for the Ss set for dich is signifi- 
P was computed as .40, dee 23, p < 09. 
cantly greater than zero, / = superior MM 
In contrast the p for the art even ap- 
groups was —.18, which does 
proach significance, p E ^an frequency 

Frequency estimation. M Tube 2. All 
judgments are summarized in ; sabie job of 
groups were able to do a respec is highest 
judging frequency, even oo n estimates 
memory load conditions. N ad overvalue 
tended to undervalue high onn reporte 
low frequencies, as has often ieri & Beach, 
in other contexts (c.g., Peterson & 

1967). ancy 13 

Cds, direct retrieval of — than 
formation was less dependent on sand 10 
was recall. Only at frequencies af iei à 
did the congruent FF Ss sho oneously 
slight superiority over those set ed to the 
for a recall task. Also in contra »gligible 
recall data, memory load had a my the 
effect on performance. Apparet with re- 
frequency representation dies UN f what- 
markable consistency, irrespective p adopt: 
ever other strategies S may be led a by 
These Conclusions were subeant Ya, 
the analysis of variance: The pie 
having à Significant effect on "(à 352) 
estimates was word frequency, p value 
= 289.53, P «.01. In contrast the 


TABLE 2 
MEAN FREQUENCY 


=e ALL 
ESTIMATES UNDER ¢ 


FREQUENCY CoNDITIONS 
TR — 


1 
Memory 103 


Group — M 


10 

0 [0.00 

1 |2:08 

2 |288 

1 | 504 

6 604 

10 7.92 

[T |3.99 
Freauency-Frequeney 0 
1 
2 
4 
6 


0.00 
2.00 


| 
| 
| 
i 
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for set, F (1, 88) = .02, and load, F (3, 88) 
= .65, did not even approach significance. 

Any direct comparison between the fre- 
quency functions obtained under the two 
tasks is necessarily speculative since dif- 
ferent measures are involved. Moreover, 
recall is limited at the upper end, while 
frequency judgment is not. Below this 
ceiling, however, there is little to suggest 
that. different processes underlie the two 
obtained functions. Certainly both could 
arise from a common process. 

The main conclusion to be drawn from 
the composite of the above data, then, is 
that some representation of event fre- 
quency—presumably trace strength or 
multiple traces—builds up as events are 
je peateri irrespective of specific memory or 
Tequency instructions. From this, an S 
Can read out frequency directly, subject 
Nd limitations there are on 
ape ity to transform such information 
d umerical responses. He may also use 
QA apres Sci in retrieval if forced 
E d. However, there are probably 
Sm in cp Mon schemes to which he 
m a apparently will) turn if provided 
E an appropriate initial set. In any 
i instructions stressing frequency pro- 
e onsstently inferior recall when com- 
Sets he E, nd whereas both 
E ssentially the same frequency 
bus udis sedit js perhaps worthy of 
Ee za a memory load vari- 
sobres lys ed though it was, had a 
Pp m uu: on recall and none what- 
Sud Si tad estimation. This 
Sentation of an one: e ded. de 
relatively nodisturliedi kes by pert 
events in storage or b E thei a id 
retrieval of the attrib : efinir pps. 

attributes defining an event, 
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on the other hand, is highly susceptible to 
interference. Another conclusion to be 
drawn from the failure of memory load to 
affect frequency estimation is that even 
the smallest load was sufficiently demand- 
ing to obviate overt counting. Had a 
counting strategy been used, performance 
at Load 10 would have been considerably 
more accurate than at higher levels. 
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: JLUS NOVELTY AN JIMENSIONAL 
OF STIMULUS NOV ELTY AND D MEN 
MS IN HUMAN SHIFT LEARNING ! 


NICHOLAS J. ESPOSITO 2 


State University of New York College at Cortland 
In 1968 Slamecka argued that shift-learning 
metric designs and human Ss might have | 
could have been responsible for 
iticisms are logical possibilit 
mental evidence for two of th 


paradigms which employed geo- 
"ad confounded variables which 
shift-learning results, Whi Slamecka's 
s, he did not provide direct experimental evi- 
em: stimulus novelty ang primary stimulus 
generalization. The Present article argued against Slamecka's primary 
stimulus gene alization crit ism and experimentally. tested the effects of 
stimulus novelty using the Partial ch; total change Paradigms. Re- 
sults showed significant mai CY and type of shift and si; 
nificant interactions between novelty and type of shift and saliency 


of shift. terms of the 1963 7 
House attentional theory, S; ism regarding 


man and 
stimulus novelty 


Slamecka (1968) reviewed the various dimensions remain the same. For example, 
discrimination learning Paradigms involy- jf form and color were the dimension 
ing transfer of training in human beings and employed, the vies in the preshift task 
concluded that the basic design and all of might be Circles vs. Squares and green v9. 
its variations allowed explanations Other req. The cues in the postshift task might 
than those based upon Mediation be hexagons vs. triangles and blue vs. 
cesses. Two Variations are : 
interest here: th 


A ift task 
4 yellow, Sain, in the postshift tas 
€ partial change design and must Je ; 

the total chan ge 


: : an ED 
vite inser i : om either an ID shift or 2 n 
sign. In studies employ- shift "or either type of shift, the releva 
É THIS : ype of shi ;à 
ing the partial change design, if s Sorts dimension in the Eie, task would have 
cards with respect to forms in tl à 


1€ preshift 
en for the 

Postshift task these cues of the form 
anged (e.g. to hexagons le: 
ile all other dimensions 
are unchanged, In the post- 


> must learn either an 


task (say circle 


of studies using the parua 
(ie, that ID shifts Ath 
er trials than ED shifts in 
may be due to stimulus TON al 
mediational or attention 


vs. triangles) wh 


k 5 ign may 
^ SE d ) spp © Partial change desigt e 
o Ear bekngonms i Aad Fa alin avor Jp shifts over ED shifts because 1 
a a "Changed Gireg Which - i posts 
and therefor rel c nch are chan sed in the [ 1 
us * novel cues of the form task (ang Which ; rt refore novel) are 
dimension) or an extradimensiona| (ED) imer, "€ therefore 
shift (e.g., learning to sort 


the itens; 
5 the unchanged i s enitn 
cues of a different dimene: 


elty O 
Preshift task, If the peu o 
Sed cues ; ac 's atten 
» all cues of then Ss gi S attracts S 


o 
É id t | 
‘re change from the th wad be x m Df won z 
AN e a 4 i j e ese nove] es ‘oncomitantlys 
preshift task to the Postshift task While the shoul be leg DE | $ Fn to the 
: E ess likely to respo her 
FR UNchange i c ot 
1 This research was conducted while the author imee e Wivel gioi l 
held a Faculty Research Fellowship, from the on 
arch Foundation of State U 


tute an ^, 
shif ç. Order to execute hift 
niversity of New i "E an S 


; k sts 
IS required, in the pos 
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* Requests 
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University o[ New Yor 
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s at ws 

the same dimension tha { 
"sychology. State relevant i der Si 
| 91 Pe Y: State M the prestity deci. In or rt 
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the one that was relevant in the preshift 
task, LC, à new relevant dimension, but 
one with unchanged cues. Therefore, 
type of shift is confounded with novelty in 

the partial change design. 
In the total change design, since all cues 
all dimensions are changed in the post- 
E task, cues of one dimension are no 
Jore novel than those of any other dimen- 
Pe However, while the total change 
but. pog for stimulus novelty, Sla- 
Busen 4 68) claimed that it does not 
Brilon or possible primary stimulus gen- 
Eon E when employed with 
MER forms. Slamecka claimed that 
jm eaten effects are important because 
er he a nonmediational interpretation 
Eus su transfer of training. studies 
X abe change design were used. 
Puma icular, Slamecka | stated that a 
misht Stimulus generalization response 
nier ie viewed as a single-stage S-R 
ean dal of a dimensional mediator. 
lus an primary stimulus generalization 
ee puse tendency to respond to all 
Sin. ly ing on the same physical con- 
» 436] m original training. stimulus 
tendency, aes conjectured that this 
Biting uie Dosis mak uccide 
imension m us 2:4 uk toward the 
Bike qe m dum relevant in the pre- 
cilitated didnt Gee ph mee at 
Be raroa i Ef ol a channeling of 
mands ‘of e rer ipd with the de- 
Would pe Minden b and an ED shift 
és S's responses is —_ S i Seg 
Suami or nconsistent with the 

` an ED shift. 

E acl. 
Eos rer Miri solution to 
ras is emra : Vni inco M. inquii 
athe dea ‘change design using 
The "e x oen forms as 
any novae egerit v d esign precluded 
: any primary nn t 1e w ords precluded 
liese mee eue effects. 
"riterion in the ID s indie xd 
ifi Eitan ea = ^ Ten in the ED 
(19 lough the exo u aS : 

968) ha. ow icisms whic h Slamecka 
b. primary stimulue ¢ regarding novelty and 
b and baies zition are theoret- 
n Mplications ic le and are based 
rom experimental re- 


| of 


the 
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sults, and though the total change design 
using words as stimuli does seem to preclude 
any confounding due to novelty and 
primary stimulus generalization, a closer 
analysis of these criticisms might be useful 
for the following reasons. First, the total 
change design with words cannot be used 
with preverbal children or animals, where- 
as the total change design with geometric 
forms can be so used. Second, there has 
been no direct experimental test of the 
novelty criticism. The novelty criticism 
was based upon implications from experi- 
mental results such as those of Isaacs and 
Duncan (1962) which showed an ID shift to 
be learned faster than a reversal shift, both 
of which were learned faster than an ED 
shift. While these results might be 
expected as a consequence of stimulus 
novelty, they might also be explained by 
the fact that the reversal shift is in essence 
a negative-transfer paradigm while an ID 
shift is not. Therefore, the Isaacs and 
Duncan study is not a good direct experi- 
mental test of the novelty criticism. Third, 
since there has been no direct experimental 
test of the novelty criticism, one cannot 
be sure if novelty effects are in fact present 
when the partial change design is used. 
Therefore, one does not know if the results 
of past studies using the partial change 
design are vitiated because of confounding. 
Fourth, any effects that novelty might 
have on discrimination shift learning would 
be theoretically interesting. 

The results of studies using the total 
change design would, presumably, have no 
alternative interpretations if there were no 
primary stimulus generaliza- 
to a single-stage, nonmedia- 
There is evi- 
se primary 
as defined 
al 


possibility of 
tion leading à 
tional, S-R interpretation. 
dence that the existence of the 
stimulus generalization effects i 
by Slamecka do not have firm experiment 
support. 


Slamecka's (1968) definition of primary 
"intrinsic 


li on. the 
original 


stimulus generalization as an 
tendency to respond to all stimu 
same physical continuum as the ri 
training stimulus [emphasis addedJ” and 
his subsequent argument (both on p. 436) 
appear to assume that even in the single- 
stage S-R model it is necessary for 5$ to 
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attend to dimensions before dos dap d 
| eneralization can accoun t 
Qu. f discrimination shift learning 
apis om is, the definition of primary 
E a generalization Eds dae 

ars to assume that i 
EC. a stimulus bearing cues g 
Fera green, and circle, then S will pa 
pay attention, for instance, to E y 
the stimulus is reinforced and wi en e 
quently show generalization along Herol z 
dimension only. Jeffrey (1965); Ka Fin 
(1969); Tighe, Glick, and Cole (1971); 
Graf and Tighe (1971) ; and lighe and Frey 
(1972) presented evidence that animals and 
young children, who probably best fit fie 
single-stage S-R model, would tend to view 
the above stimulus as a small-green-circle 
complex, i.e., a complex which is undiffer- 
entiated with regard to dimensions, Gen- 
eralization, in this „latter case, would 
depend upon the similarity of a 


new 
undifferentiated com 


plex to the old com- 
plex. Thus, animals and young children do 
not seem to attend to a single dimension 
and then generalize along that dimension. 
Consequently, if Slamecka's definition is 
used, primary stimulus generalization seems 
not to be a single-stage counterpart of 
dimensional mediation as he Suggested, but 
another name for dimensional mediation. 

However, with the total change design, 
one must still consider Primary stimulus 
generalization from cue to cue. For in. 
Stance, suppose the relevant dimension in 
the preshift task Were color, with the cues 
being red and green, and Suppose that Ss 
do attend to dimensions, Response A 
might be the correct 


Tesponse for red and 
Response B for greer 


1. Assume that 
cues in the postshift t 


Which is more simil 
which is more simil 


the 
ask were yellow, 
ar to red; and blue, 
ar to green, Then, in 
the postshift task 5 would tend to give 
Response A to yellow and Response B to 
blue. If S were executing an ID shift and 
if yellow and green Were assigned Responses 
A and B, respectively, then the ID shift 
would be facilitated, For an ED shift, 
since the dimensions are usually orthogonal 
in such tasks, both yellow and green would 
be paired with Response A half of the time 
and with Response B half of the time, so 
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that stimulus generalization effects would 
not produce a facilitative effect. t ID shift 
One solution to the problem of he ID 
facilitation is for half of the Ss in ek 
condition to have Response A a there 
yellow and Response B to blue so iem half 
would be facilitation, and for the cime and 
to have Response B assigned to gent d 
Response A to blue so that there ion tion 
hindrance. It is hoped that the faci he 
and hindrance would balance SHE tion 
issue of primary stimulus generala a 
seems to be negated by i e the 
evidence bearing on the nature S x65 
generalization mechanism and by app 
priate methodological procedures. — ulus 
The hypothesized effects due to P by 
novelty can be experimentally teste vith 
comparing the partial change design puer 
novelty effects uncontrolled) and the Mei 
change design (with novelty or ifts. 
trolled) with regard to ID and ED -. 
The following experiment tests for 
hypothesized novelty effects. -cluded 
Dimensional saliency was also inc D i 
as a factor since the results of House :: 
Zeaman (1962) and Heal, wie 
Bransky (1970) Suggested that pre i - 
or salient dimensions may be affected ay 
novelty, whereas other dimensions v€— 
not. "Though House and Zeaman Mee 
their suggestion on the basis of un aoo 
data, it is contrary to predictions dedu ina 
from their attentional theory of aia ia : 
tion learning (Zeaman & House, 1 o 
It would seem that the probabihi c 
observing a salient dimension isalways € ing 
to 1.00, and therefore, the observin* 


MC «ou 
Probability is &o high that novelty wow 
have littl 


t 
€ Or no effect in the posts 
phase, That is, there would be á Bened 
effect, For low salient dimensions, 1.€^ 
dimensio; 


the lo: 
ity of 
aised by pr 
Preshift Je 
For ID shi 
relevant 
Phases, 

relevant 


NOVELTY AND DIMENSIONAL SALIENCE IN SHIFT PERFORMANCE 


M cie ign: Therefore, novelty 
a tave an effect on ID shifts. 
nai i : preshift training „does not 
road e observing probability of the 
Ete dicnensian used during the ED 
Pelr. fask. f As a result, novelty can 
ae od an ED shift when the shift 

: ves a dimension with low saliency. 
B ue be made of the fact that, 
gine to other studies using the partial 
E EE this study introduces a 
ID ae change. In the other studies, 
= ne were from cues Ni and X: on 
Unt evant dimension X to novel cues 
Sea X» on relevant dimension X. 
p imensional shifts were from cues 
E sx em relevant dimension X to 
M cues x ] and Y» on relevant 
Blase m X Phat is, in the postshift 
cups xe ID shift condition, the shift 
fects = pe cues so that any novelty 
ede v3 facilitate ID shifts. But in 
the to Sm phase of the ED condition, 
any ied as not to the novel cues, so that 
i dee By eins would hinder ED shifts. 
b: ie LR ID shifts are the same 
es : mut ED shifts are from cues Yı 
EAE m oe dimension Y to novel 
3 wal = e on relevant dimension X. 
Mardi: des s for both ID and ED shifts, 
Foeta S p 1e novel cues. Any novelty 
This md | faci tate both types of shifts. 
Sed a Tenes in procedure was intro- 
S gna Bru in all conditions sorted 
uli using the same relevant 


Imensic 
sion and cues Denm 3 
task, and cues during the postshift 


In 


mecka's (1968) a consideration of Sla- 
Eds ro th 58) methodological arguments 
ED shifts e Pred ee that both. ID and 
Satin A be affected by novelty. 
Whenever Sagres novelty to be present 
Used (he c partial change design was 
Saliency). & J not consider dimensional 
shin 3), Such that novelty facilitated ID 
SxDériprent es ED shifts in the 
experiment, | le reviewed. In the present 
ions, this jon ause of procedural modifica- 
Prediction hat of reasoning leads to the 
be facilitated b both ID and ED shifts will 
ation of the a novelty. Also, a consider- 
ata of House and Zeaman 


(1962) n 
and Heal et al. (1970) leads to the 
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prediction that novelty will have an effect 
only when dimensional salience is high. 
Finally, a consideration of Zeaman and 
House’s (1963) attentional theory leads to 
the prediction that novelty will have an 
effect only when dimensional salience is 
low. This would be the case for an ED 
shift in which a low salient dimension 
becomes relevant. 


METHOD 
Subjects. One hundred twenty students, 54 males 
and 66 females, from introductory psychology 


courses at the State University of New York College 
at Cortland served as 5s. Students received one 
point toward their grades for participating. 

Material. Four decks of cards, each coi 
of 16 3 X 5 cards with different geometrical de 
on them were used. For convenience, the decks 
were labeled Deck 1, Deck 2, Deck 3, and Deck 4. 
All the decks varied along the five dimensions ©! 
form, number of forms on à card, number of dots 
within each form on a card, size of the forms, and 
position of the forms on a card. Specifically, the 
cues of the five dimensions for Deck 4 were circles 
or squares, one or two forms, three or four dots 
within each form on a card, 11- or i-in. forms, and 
alignment of the forms either in the center of the 
card in a horizontal row or along either the right 
or left edge of the card in a vertical column. Asan 
example, one card from Deck 4 consisted of two 
li-in. squares positioned horizontally in the center 
of the card with each square containing three dots. 
Deck 1 was exactly like Deck 4 except that the cues 
of the position dimen sion were alignment of the 
forms either in a vertical column in the center of 
the card or in a horizontal row along either the 
top or bottom edge of the card. Deck 3 and Deck 4 
had different cues for all dimensions. For Deck 3, 
the cues were hexagons or triangles, three or four 
or two dots within cach form on the card, 
forms, and alignment of the forms either 
r of the card in a vertical column or ina 
yw along either the top or bottom T 
of the card. All decks were constructed so that the 


dimensions were orthogonal. 
Procedure. Upon entering 
S was seated at a table and 
deck of cards in front of hin 
labeled Category A and C 
control for any possible effects 
generalization, both values of the relev: 
were alternatively paired with both c 
in the preshift learning and in the pos 
This yielded four different combinations of values 
and labels. Since there were 15 Ss per cell, all but 
one of the combinations were us d for four 5s per 
cell; the other was used for three $ The combina- 
tion that was used for three 5s was randomly chosen 
for cach cell. The Ss were further instructed to 
turn one card over at a time and to place it in the 


forms, onc 
3- or i-in. 


in the cente 
horizontal ro 


the laboratory, each 
instructed to sort the 
| into two categories 
egory To help 
of primary stimulus 
ant dimension 

gory labels 
hift phase. 


NICHOLAS J. 


TABL 


> NI 'ONDITIONS IN 
NUMBER OF TRANSFORMED TRIALS TO CRITERION FOR ALL Co 
MER UNGER THE PRESHIFT AND Posrsuirr Tasks 


oo 


ESPOSITO 


E 1 


Independent variables 


Novelty (partial change) 


No novelty (total change) 


High saliency Low saliency 


` 7 Low saliency 
High saliency Low 


ED 
ID | ED ID | ED | ID ED ID 
| 5 6.40 5.75 
i m 6.74 6.20 4.86 4.25 ; 2 
Poit 380 393 4.57 | 5.81 3.63 415 4.03 - 
Note, 1D = intradimensional 


category where they thought it might belong. The 
E told S whether he was right or wrong. The Ss 
were not allowed to look back through the cards 
which they had previously sorted, 
instructions were read, Ss then sorted : 
2, or 3 depending upon their cell assignments, 
After reaching a criterion of 10 consecutive correct 
responses in the preshift phase, all Ss were then 
given Deck 4 and asked to sort it. Criterion 
learning in the postshift phase was also 10 consecu- 
tive responses. If an § failed to reach criterion 
within 160 trials in the preshift phase, 
eliminated from the experiment, 


eliminated; all were in the low salient dimension 
condition. Since Ss were eliminated from the low 


salient dimension condition only, a bias may have 
been introduced by this differential selection of Ss, 
The Ss of low ability were eliminated from the low 
salient dimension condition, perhaps raising the 
he group in question. However, 

that this selection bias worked 
tal hypothesis since l nt 

should result in greater 


After the 
either Deck 1, 


he was 
Four Ss were so 


OW s; 
a 


' to collect 
of the three 


compare Decks 2 
forms on the card Or siz 
relevant dimension, Nod 


further test of the equivalence of the decks Was 
provided by the results from the preshift learning 
phase. Differences would have been indicated by 
interactions among the conditions, i 

A second preliminary study w 
saliency of the dimensions used j 
of 36 Ss sorted Deck 4 with one of 
relevant. Form was found to b 
dimension (median number of 

12), followed by number of fort 
number of dots within e 


] aston, and to 
n either position of the 


of the forms Was the 
erences were found. 4 


as run to scale the 
n Deck 4, A total 
the five dimensi 

* the most lient 
trials. to criterion 
Ms (median = 14), 


ach form (median = 16), 


shift; ED = extradimensional shift, 


sition of 
size of the forms (median = 40), and. position 
the forms on the cards (median = 135). 2 (Novelty 
The design of the study wasa2 X 2X2 mized 
X Saliency X Type of Shift) completely T el the 
design, with 15 Ss randomly assigned to cac A in 
eight cells. The partial change design ene a 
the novelty condition and the total ehanas, “the 
was used in the no-novelty condition. Ss first 
novelty. (partial change design) condition, - upon 
sorted either Deck 1 or Deck 2 dependia nd 
Whether they were in the high or low xeu. task; 
sion condition, respectively, In the postshi condi- 
all Ss in the novelty (partial change design) Sane 
tion sorted Deck 4 with either forms the rei men- 
dimension (when Ss were in the high lient PM 
sion condition) or position as the relevant dimet i 
ere in the low salient dimension either 
he ED conditions, Ss first sorted levant 
imber of dots within forms as the is R: di- 
dimension (when Ss were in the high adt 
9n condition) or with size a the t dimen- 
1 Ss were in the low salient 


7 -ondition: 
o-novelty (total change design) w k 
all Ss first Sorted Deck 3 and then sorted sells in 

therwise, the relevant dimensions for the oe those 
this half of the experiment corresponded to 


ol 
lis hi ty half 
used in the analogous cells in the novelty 

the experimental design, 


RESULTS 
The depe 
trial be D 
; d (x ; a 
alyses of transformed ( xactl 
" Ké! 
oth variables yielded int the 
Ame! Tesults, Therefore; pc 
formed number of trials to cr ber 9 
ata are reported. The mean number 


" € 
i: 1 eun sach 

transformed trials to criterion for ea 
appears in Table 1. 


trans 


or lenit 
In the preshift k ue | 
Phase, the only significant F ratio Wa 112) 
to the m 


ain effect of saliency, Fa 
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E. 28.18. (MI reported ¥ ratios are signif- 
icant at the .05 level.) In the postshift 
phase, there were main effects due to 
saliency, #(1, 112) = 22.07, and type of 
shift, FQ, 112) = 15.99. There were 
ae significant interaction effects due to 
Novelty X Type of Shift, #(1, 112) = 4.23, 
ps Saliency X Type of Shift, F(1, 112) 
Es id posteriori Newman-Keuls tests 
icem : 1e .05 level of significance) indicated 

at the no-novelty-ED shift group took a 
Ber number of trials to criterion than 
d een novelty-ED, and no- 
dite. j^ D shift groups, which did not 
c m each other. The respective 
EN irm the transformed number of trials 
Bii wy were 6.00, 4.19, 4.88, and 3.83. 
ut ar y, the low-saliency-ED shift group 
ur p opus! number of trials to criterion 
D Wie high-saliency-1D, high-saliency- 
gu mm low-saliency-1D shift groups. 
E "rw. tive means were 6.82, 3.71, 4.05, 
ait. ; Fhe last three groups were not 

ificantly different from each other. 


DISCUSSION 


a Lun of this experiment indicate that 
change E ve effects when the partial 
effects rc is used and that the novelty 
ED only with ED shifts. This 
Novelty pm based upon the significant 
novelty ions s Shift interaction in which 
bs ie E x ated an ED shift when the shift 
Was no E cerae with novel cues. There 
Ravolt renee between the novelty-ID and 
Were of g shift conditions. Similar effects 
e observed regarding saliency and type of 


Shift, Hi : : 
Shift igh salient dimensions facilitated E 
"fts, but not ID shifts. cilitated ED 


La ; The fact that both 
epend, and dimensional saliency affected the 
an in m variable in the same way may be 
ime dication that cue novelty : 

sional saliency. 


he findi 
sional, par regarding novelty and dimen- 
and Heres | ‘are consistent with Zeaman 
Partially ie i en attentional theory, and 
regarding the c) Slamecka’s (1968) criticism 
a effects of novelty in the partial 
me ik Phe results of this experiment 
the da c "e with the suggestion based upon 
H : ^ can and Zeaman (1962) and 
al highly x i that novelty would only 
Sistencies h salient dimensions. The incon- 
Studies m d etween this study and the two 
entioned above might be attributable 


increases 
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to several differences in the experiments. House 
and Zeaman and Heal et al. used retarded 
rather than normal $ and they did not 
systematically vary novelty, but used the 
post hoc explanation of un- 


concept in a 
predicted results. 

Results which might warrant some explana- 
tion are the facts that there were no statistical 
differences between ID and ED shifts under 
the novelty (partial change design) and high 
salient dimension conditions (though one 
should note that the direction of the differences 
in all cases indicates fewer trials to criterion 
for the ID shift). The lack of a statistical 
difference can be explained if one recalls that 
in the novelty (partial change design) condi- 
tion, the ED shift was to the dimension with 
the novel cues, unlike in other studies sum- 
marized in Slamecka's (1968) review. In 
other words, the procedural modification which 
was introduced into this study to eliminate 
extraneous variables was responsible for the 
type of shift result under the condition of 


novelty. Because of that modification, if 
novelty had any effect at all, it could only 
facilitate ED shifts, thereby reducing the 


magnitude of the usually found difference 


between ID and ED shifts and yielding a 
nonsignificant statistical difference. In studies 
which did not employ the above mentioned 
procedural modification, novelty would have 
hindered an ED shift since the shift was away 
from the dimension with novel cues, thus 
increasing the difference between ED and ID 
shifts. 

High saliency may have had an effect similar 
to novelty. In the ID shift condition, the 
preshift learning raised the probability © 
observing the relevant dimension close to 1.00, 
regardless of the degree of saliency. The 
probability of observing the dimension which 
was relevant in the preshift learning remained 
close to 1.00 at the beginning of the postshift 
phase, and consequently, nothing could poss- 
ibly raise the probability any higher. There- 
fore, regardless of whether there were or were 
not novel cues for this dimension, S tended £0, 
choose it first, and in the condition, 
received positive feedback, thereby eliminating 
further search for the relevant dimension. m 
the ED shift condition, at the conclusion al 
preshift learning, the relevant dimension was 
also observed with a probability approximating 
1.00, and this probability also remained close 
to 1.00 at the beginning of the postshift phase. 
Therefore, S continued to respond to the once 
relevant dimension until he got negative feed- 
back regarding that dimension. After recelv- 


ing negative feedback, S's probability i of 
observing the once relevant dimension a 
proached zero (see Levine, .1966), and the 
saliency of the other dimensions then deter- 
mined which one S looked at next. If the 
relevant dimension was highly salient, S 
looked at it sooner and took fewer trials to 
criterion. If the relevant dimension was of 
low salience, S looked at it after a greater 
number of trials. 

The conclusion, then, based upon the results 
of this study, is that Es interested in shift 
learning should control for extraneous novelty 
effects by using a total change design. Further- 
more, previous studies which have used a 
partial change design should be read Critically 


since novelty effects were confounded with 
shift effects. 
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CHOICES AMONG BETS BY LAS VEGAS GAMBLERS: 
ABSOLUTE AND CONTEXTUAL EFFECTS! 
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University of Michigan 


When the expected value of a set of gambles is constant, Ss’ choices among 
those gambles have commonly been interpreted. to reflect. probability and 
variance preferences. The first study reported here showed that earlier prob- 
ability preference findings are replicable in a quite different (casino) setting 


with substantial stakes. 


However, the effect of variance was more 
to the range of variance offered to Ss than to absolute levels of vari 


ted 


Experiment IL extended this latter result, producing systematic changes in 
choice tendencies by manipulating the embedding range of variance within 
which choices were made. The implication is that the desirability of a gamble 


is not solely dependent upon the characteristic: 


De "isi 
cisions are often modeled as choices 


amo; » 
orat iomibles of the form "win A with 
ability py, otherwise win B." The 


ex- 
ah (EV) and the variance. Typi- 
Sv is highly correlated with prefer- 
61). among gambles (Edwards, 1954b, 
When pv ; 
i of a is held constant, various 
"ported E AE variables have been 
Joonibs a x w ards (1953, 1954a) and 
niie Pruitt (1960) present data 
efinite with the hypothesis that Ss have 
Preferences for some levels of pw 


and : 
Variance 
e ove r 
bets v er others. Most notably, 
Lich- 


ith 9, ay 
teniste; Ds—3 were very popul: 
i popular. 
n (1967) found Ss preferred lower 
O'Connor, Peterson, and 


ce bets, 
eport that Ss tend to hold 


alme 
a "d (1972) r 
— arancelike measur 
C Sike measure constant. 


arian 
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2 


s of that gamble alone. 


ever, Slovic and Lichtenstein (1968a) argue 
that variance, per se, has but a slight effect 
on gambling decisions and “variance pref- 
erences" may be a misnomer for behavior 
better explained by "strategies that employ 
only the stated probabilities and payofís 
p. 654]" or subjective transformations of 
them. 

Coombs and Huang (1970) propose that 
risk is an important determinant in gam- 
bling decisions. They assume preference 
to be monotone increasing in EV and single 
peaked over risk at each level of EV. In 
addition, they assume that the risk of play- 
ing a gamble N times is not less than that 
of playing that gamble once only. Risk is 
left undefined. However, it is assumed 
monotone with variance if Pw is held con- 
stant. Data supporting this theory have 
been reported (Coombs & Huang, 1970; 
Coombs & Meyer, 1969). 

Methodological criticisms cast doubt on 
thesestudies. Often Ss' payment is not re 
tingent upon the outcomes of pena "he 
chosen; or, if wages are SO determined, tiu 
stakes are small—typically less than ves 
Slovic, Lichtenstein, and Edwards (1965) 
demonstrated that such payoff arrange- 
ments in gambling experiments generally 
are boring to Ss, and that bored Ss tend 
to adopt simplistic, systematic strategies 
not representative of their true gambling 
preferences. The observed effects of Pw 
variance, and the number of timesa gamble 
is played (V) may depend on the use of 
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trivial or hypothetical stakes in university- 
p ae ae e gambling decisions 
Tox are real and Linse a 
research project was initiated in Hie pn 
Queens Casino in Las Vegas. Specia ex- 
perimental games (including the two ex- 
periments reported here) were implemented 
in the casino. The Ss were any customers 
of the casino who wanted to play ; stakes 
were comparable to those regularly en- 
countered in the casino's stand 
Payment of winnings and losse 
ducted in the stand 
These conditions seen 
cisms that have been directed at the arti- 
ficiality of previous gambling experiments 
(Edwards, 1961 ; Slovic et äl., 1965). 


ard games. 
S was con- 
ard casino manner. 
1 to meet most criti- 


EXPERIMENT | 

The first experiment 
sis that earlier finding 
variance preferences O 
ial payoff conditions. Accordingly, when 
substantial stakes are employed, distribu- 
tion of choice frequencies Over py may not 


exhibit the sharp peaks normally observed 
at certain levels of Pw. Variance Preference 
findings may also be tested across Ss. Jf 


each S$ h | of variance, 


tested the hypothe- 
S of Probability and 
ccur only under triv- 


increasin g 


ferred variance levels fo 
as n increases, 


another 
y randomly sam 
same Population as the first g 
in a substantially different 
ance, overlapping the 
those levels of vari 


group of Ss 
pled from the 
roup) gambles 
range of vari. 


are substantially different when 
range of Variance common 
to both sets of gambles, then the notion 
of absolute Variance prefer 

rejected. 


ences may 
Method 


Design. The rame 
from a list of 11 


be 


consisted of 


choosing l bet 
bets and then pl 


aying that bet, 
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This was repeated for each of nine lists. i € 
pass through the nine lists was made, n: ation of 
5 played each bet three times (this manipu i ; and 
A provided a test of the theory of = - the 
Huang, 1970). The game terminated after 
second pass. 
The Ss were randomly divided into two ee 
Group 1 Ss made choices from nine Range 1 fu^ 
Group 2 Ss made choices from nine Range 3 1ey 
identical to Range 1 lists except that all uw ab 
amounts were divided by three. Thus, the eee 
of each bet in Range ! was s that of the correspo! 
ing bet in Range 1, E REC 
The lists of Range 1 are displayed in Ta "à B 
These lists are formed by keeping, in turn, ^ : at 
and py constant; A assumes constant iion" b 
$3.00, $6.00, or $9.00; B assumes constant "- oe 
of — $3.00, — $6.00, or —$9.00; and pw a: eit 
Constant values of 2/12, 6/12, or 10/12. ) in 
A is Constant, py varies from 1/12 to 11/ ach 
steps of 1/12, and B (4) is varied so that ei : 
gamble has EV zero. When pw is constant, A 3 E 
3 assume values consistent in range with the Dind 
lists. The lists are numbered from 1 to 9, ipm k 
the order in which they were displayed to each p 
Subjects. The SS were any patrons of the ere 
who volunteered to Play the game. They un Ses 
stood that they would be required to cover all qe 
using chips Purchased from the casino and that er 
Would be paid all winnings in the same Hi 
The Ss could quit at any time, but were erem 
to play the entire game, There were 41 Ss in Gr los 
l and 34 Ss in Group 2. Most Ss won or lost 'ere 
Seo RAS und ENDO. the etremus ‘WE 
"PProximately —$50.00 and +$200.00. The S 
Procedure. Each .S was run individually. «e 
d to play as many practice bets men 
rder to familiarize himself with the ar 
he game then began for real, and from that P to 
on, all wins and losses were paid according 
Standard Casino Practices, ube 
A list of bets was displayed on a cathode ray poe 
by a PDP.7 computer used for displaying bets bets 
storing data. Each list was displayed with top 
arranged so that Variance increased from x to 
to bottom Of the list. - LO 
WIN was labeled “WIN,” the column of unge, 
lose was |, SE." The py was Pa “tte 
i ach bet: the number of rou hat 
rs 5 could Pick to win, and the number were 
ich .S would lose. All ^ was 
ard roulette wheel; if 0 or "ba 
| was respun. Thus, 36 gcn S 
for example, py was rz, t ibers: 
and 33 unfavorable nun 


um- 
! pe ne 
t he placed markers on tl was 


ose a be 


d to 
' 9 won 4 


Once the be 


in: j bers 
Win; if one of those num 
' Otherwise he lost B. -— 
. e ses 3 
t Was Played, winnings or loss 


st 
. ys 
" s RI xt 
paid. he computer then displayed the iym was 
üntil all nine Were completed, This procedu was 
the same for bo 


ach bet 
th passes except that each 


ava : : 
| layed three limes On the sc 


cond pass. 


— — HM 
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TABLE 1 
Turk Nine Basic Lists or Bets 


Independent variables 


Variable level A | B Pw 
A Pw | —B | A | Pw | —B A | Pw | —B 
e c e RE REN, RR — | | 
List 5 List 9 List 2 
ERR m a 
Low $3.00 1/12 | $ .27 | $33.00 | 1/12 | $3.00 | § 3.00 | 2/12 | $ .60 
300 | 2/12 60 | 1500 | 2/12 | 3.00 600 | 2/12 | 1.20 
3.00 3/12 1.00 9.00 3/12 3.00 9.00 | 2/12 1.80 
3.00 4/12 1.50 6.00 4/12 | 3.00 12.00 2/12 2.40 
3.00 | 5/12 2.14 420 | 5/12 | 3.00 15.00 | 2/12 | 3.00 
3.00 6/12 3.00 3.00 6/12 3.00 18.00 2/12 3.60 
3.00 7/12 4.20 2.14 1/12 3.00 21.00 2/12 4.20 
3.00 8/12 6.00 1.50 8/12 3.00 24.00 2/12 | 4.80 
3.00 9/12 9.00 1.00 9/12 3.00 | 27.00 2/12 5.40 
3.00 10/12 15.00 60 | 10/12 | 3.00 30.00 2/12 6.00 
3.00 11/12 33.00 27 11/12 3.00 | 33.00 2/2 6.60 
a Hio Lo LAST E [ 9] EN 
List 7 List 1 List 4 
acme e ERE 
ed = - NENNEN... 
Mediun , zz | | | 
1 6.00 1/12 55 66.00 1/12 | 6.00 | 60 6/12 „60 
6.00 2/12 1.20 30.00 2/12 6.00 | 3.00 6/12 3.00 
6.00 3/12 2.00 18.00 3/12 6.00 6.00 6/12 6.00 
6.00 4/12 3.00 12.00 4/12 6.00 9.00 6/12 9.00 
6.00 5/12 4.29 8.10 5/12 6.00 12.00 6/12 12.00 
6.00 6/12 6.00 6.00 6/12 6.00 15.00 6/12 15.00 
6.00 7/12 8.40 4.29 7/12 6.00 18.00 6/12 18.00 
6.00 8/12 12.00 3.00 | 8/12 6.00 21.00 | 6/12 | 21.00 
6.00 9/12 18.00 2.00 | 9/12 6.00 24.00 6/12 | 24.00 
6.00 10/12 30.00 1.20 10/12 6.00 27.00 6/12 27.00 
| vl 11/12 66.00 55. | 11/12 6.00 30.00 6, ol ions 
i T S List 6 List 8 
dad Eo. ONE a 
High a | 3 0 
9.00 1/12 .82 99.00 1/12 9.00 | 60 | 10/12 3.00: 
9.00 2,12 1.80 15.00 2/12 9.00 1.20 | 10/12 6.00 
9.00 3/12 3.00 27.00 3/12 9.00 1.80 | 10/12 2-09 
9.00 4/12 4.50 18.00 4/12 9.00 240 | 10/12 12.00 
9.00 5/12 6.43 12:60 512 9 00 3.00 10/12 Y^ 
9.00 6/12 9.00 9.00 5712 9.00 3.60 | 10/12 d 
2:00 7/12 12.60 6.43 7,12 | 9.00 4.20 | 10/12 | 2599 
9.00 8/12 18.00 4.50 8/12 9.00 dan | ee | 2D 
9.00 | 9/12 27.00 3.00 | 9/12 | 9.00 340 | i0712 | 3000 
9.00 | 10/12 | 45.00 1.80 | 10/12 | 9.00 6.00 | 10/12 | 33.00 
Puno ''di ow 11/12 99.00 .82 11/12 9.00 xd hasam Mines 
Res - 
Sults ; dum M oem rhe 
Fj are most prominent n Uu N | NE 
y is e A 4 91 Eu 
z eta la and 1b show relative fre- four probability levels 1, 3, 2 anc à » Du du 
^! s. distributions over the levels of for almost 6095 of all choices by a 
StS: Ín wists Ol Pw : ‘hile these levels comprise 
Dect; which 4 and B were constant, either group wie cluding lists 
Otteg ively, for N = 1. The solid and but 33% of possible choices (exc A : ing 
and lines display results for Groups 1 With pw constant). The effect of baeo j 
are Bas respectively, Figures 1c and 1d seems to be that of slightly strengthening 
Plots oe plots for N = 3. All four the tendency to choose a bet with pw = 2 
= r = " : T = 
‘Weney t marked peak in relative fre- when V = 3 as opposed to A E ie 


Ps : : 
XY choices at p, — 1 


= 3; these peaks 


The effect of N on variance is Just 
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0.40 


Group 1 
---— Group 2 


0.40 


Group 1 
- -- Group 2 


0.30 


B, * 12 


2, 
S were played, (For Groups 1 and i2 
145, 129, (e) 129, 118, (d) 130, anc 
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Group 1 

— -- Group 2 
5 
Z 
I2 
g 
E 
[2 
io] 
D 
3 
[Ñ] 
& 

Fic; 1, Relative frequencies with which the different Pw 
respectively, the distributions are based on (a) 147, 132, (b) 
Observations) 

slight. For e 


ach list the Variance of the 
bet chosen by each S when N=1 was 
compared to the variance of the bet that 
! chose when N =3 n general, no con- 
sistent within-§ trends were found, The 
ariance of the bet chosen When V = 3 
could have been larger than, equal to, or 
smaller than the variance of the bet chosen 
when N =1, Most Ss tended to hay 
their comparison choices 
divided among these three i 
respective of Whether 4, B, or Pw was the 
constant parameter of the 
when an § increased or de 
it was generally the Minimal ch 
sible from the Variance of tl 
choice. 


By far the most interesting 
obtained in the examination of th 
group test for variance 


e N=] 


result was 
€ between- 
Preferences, The 


ab- 
idea that Ss m 


; əs for 
aintain preferences 
solute levels of 


: on 

variance can be T aem 2 
the basis or these data. The Ss in s lon 
tended to Play at different absolute spite 
9! variance than did Group 1 Ss - cou 
of the fact that at any time ye vice 
have picked Comparable levels f die two 
Versa, he choice behavior of th re 

’ similar with respect cil 
ce. Figure 2a plot of c yithi 
tive Proportions of choices against is di 
Tange rank Order of variance WE da 
plays this similarity. (Note that on » the 

are included in Figure nd es 
ata are nearly. identical ed bee 
not displayeq y If Group 2 (1) Ss n le e: 
ing to play absolute vanan c 
to Group 1 (2), then me in the 
Solid) curve should have appeared grap” 
i (left-) hand third of the $ 


A 
Si itt 
oe ee 
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SOT 

E cid data pooled across all nine 
a eac oo however the same 
Bi loses Bays. arity is seen in comparable 
aM id SR from the constant pw lists 
striking. ann the overall similarity is 
imiia P EU erence between groups is 
E atistically (p < .05, two-tailed 


I CAS 
Solmogorov-Smirnov test). 


Dis 


CUSSION 


Ronan thg hrs interesting. result of Ex- 
Probability : ie fact that earlier findings of 
DE remi | eferences can be replicated utiliz- 

Hes with substantial monetary out- 


Comes A 
i. ak So N seemed to have little 
(1970) ua d theory of Coombs and Huang 
ò should eee wan when py is constant, each 
times that is e CE to play three consecutive 
le bet he E e to or lower in variance than 
once only a ked from the same list to play 
in. this tes] ne prediction as not supported 
tended NS P gambling environment; each S 
of the ncrease variance on about a third 


Sr ja as irrespective of the constant param- 
Variance ere However, such increases in 

The ioo generally the minimum possible. 
effect of = sting finding is that regarding the 
Seem to ha; PEE It is clear that Ss do not 
Variance a 2 dii ui for absolute levels of 
1 be E athen the effect of variance seems 
Within nde by the range of variances 
icting D. Ss make their choices, contra- 
ences, n evious notions of variance pref 
Choice Pers true that the difference in relat 
nificant oN of the two groups was sig- 
Unimport atistically, but this difference seems 
"Xpectati 
tween th 


Vee 
cM E he relative behavior of the two groups 
Y represents a slight effect of arianen 

terms; Ss in the low-variance range 
"f bene etiglitiy higher in variance 
te ee Fabel in the higher range. 
the Wo granos A pace of similarity between 
is similar E in reasonable explanation for 

5 that variance preferencesexist, 


"m 
op, are mor 
n nore of z : 
he Se a relative a 
58 seem to be ve than absolute nature. 


t Eamble is low mors influenced by whether 
the set ae s medium, or high with respect 
the ich i determining the context 
x Similarity okey being made (producing 
absolute fco] br UV Cen the groups) than by the 
Wine the differ n ence of the gamble (repre- 
Ur othe rence between the two groups). 


T possible : 
Possible explanations for the 


eer 


= owt 
E 
i 
3 ox 
bw 
0.30 
osf e— Crop! 
I-II. Group? 
000000 Rands 
oof 
Ain — INCREASING VARIANCE ———— —— Max 
Fic. 2. Cumulative proportions of choices for 


Groups 1 and 2 and theoretical random Ss over 
within-range ordinal levels of variance. 


similarity between the two groups were ex- 
amined. Strategies based on choosing bets 
equal in py, A, or B could not account for the 
data. The high degree of similarity between 
groups was observed within the lists for which 
each of these three variables, in turn, was held 
constant. Strategies such as always pick Bet 
3" were not observed and could not account 
for the degree of similarity observed, even if 
they had occurred. 

Experiment II was designed to test the 
relative variance explanation for similarity in 
relative. choice behavior observed in Experi- 


ment I. 


EXPERIMENT ll 


The gambles in Range 1 of Experiment I 
were on the whole relatively high-variance 
gambles when compared to Range i gambles 
and vice versa. We hypothesized that if 
a group of Ss who had first played bets 
from Range 1 were then switched to Range 
1 lists, they would pick relatively higher 
variance bets in Range å than they woul 

have done if they had been playing in 


Range 3 all along. Similarly, Ss playing 


k ION 
CUMULATIVE PROPORTK 


— nease VARIANCE —__ 


Cumulative Proportions of choice: 
within-range ordinal levels oj Variance 

compared to Experiment I results 
Strategy, 


5 Over 
for Group 1 
and random 


in Range 3 when Switched to R 
should Play lower Variance bets than they 
would have Otherwise. What if lists from 
the two intermixed? Since 
most variance Je i Range $ were also 
available in the 

that the over: 


ange | 


by having 
tch to 
atively higher 


: ange 3 than if Presenteq 
those lists alone, 


These three Manipul 


ations form the 
of Experiment II. 


basis 


Method 


Dto three gr, 


n orderings of the 


from Range i 
The first nine 


* CN 
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3 The last three 
basic lists used in Experiment I. i e ? and 9 
lists in the block were formed from Ris iliote SES 
by deleting the bet chosen by 3 » S chose Bet 5 
were Previously Presented. Thus, 1 s 6 wah see 
from List 4, then the tenth list he 2 This was 
prised of Bets 1-4 and 6-11 from 5 i m fromthe 
done to examine BI "second-choice 28 These last 
lists. All Ss played three more lists. » first block 
three lists were Li s4, 7, and 1 from a i being 
of 12 lists that S saw; however, Ee VICUBT 
displayed in the orderly format of ed poi d 
displayed lists, the individual bets were sanane 
in a scrambled order with respect e 27 bets. 
Thus, every § completing the game plays as EO 

Subjects, The Ss were again casino e er 
volunteered to play the game with the S be dealt 
ing that the wins and losses incurred won . There 
with exactly as in any other casino a respec- 
were 36, 34^ ind 6 Ss in Groups 1, 2, que is due 
tively. The low number of Ss in Group à ee ate 
to the fact that the study was forced to ter 
Prematurely jn Las Vegas. 

Procedure, The displ 
were the same as in È 
condition were 
implemented, 


à » bets 
"and playing of T cach 
periment I, Data m was 
collected before the nei 


Results 


av all 

Although Ss were encouraged to pede 

the bets, they could of course quit “Ss in 

ever they desired; three and seven In 

Groups i and 2, respectively, did pet 

addition, three Ss in Group 2 hd E: for 
ously Participated jn Group 1. Dati 


n > analy- 
these 13 Ss Were excluded from the 
ses. ^ 


"(ere 
Thus, 33, 24, and 6 data ian 
j DS 1, 2, and 93, respective or- 
Figures 3 and 4 show cumulative p VE 
tions of choices as a function of 5a re- 
Variance for Groups 1 and T are 
^ Results of Experiment 


a eS. 
included” fop COmparison in both a y 
istributiong for Group 2 were i iuh not 
identical to those for Group 1 and e 
ISplayed, Statements about Grot 
apply equally to Group 2. 
As may 


" 1, 
ty be Seen in Figure 3, Wwe 
i eXperience in Range in ange 3 
ter variance levels m e 
be predicteg from Pepening 

‘hough the Range 1 pager cor- 
25 differs somewhat from t imen 
distribution from cir A 
Merence js not significant test 
ailed Kolmogoroy-Smirnov é- 
, 


^ zd 
the di erence for Range 


! 


CHOICES AMONG BETS 
ICES AMONG BETS BY LAS VEGAS GAMBLERS 


tween G 

EL and the corresponding Ex- 
001, cea ee highly significant (p < 
qe Pini cl Kolmogorov-Smirnov test) 
the few Se t E direction. On the basis of 
E late ia in were obtained in Group 3 
that Ss pl, Figure 4 support the prediction 
high ue een in the low range then the 
CF the ege: play lower variance bets 
this par ps range than otherwise. In 
Buislant t = tended to replicate the Ex- 
ENCE js not result for Range 3 (the differ- 

a. significant at the p < zi 
py th j^ .10 level) 
peinent ] B. cant y different from Ex- 
ists (p< hiec playing the Range 1 
Shiinov teeth s ee Kolmogorov- 
basic lists in E 3 nly choices from the nine 
Buts the di ant ! range were used to com- 
Estee rere in Figures 3 and 4 
ists iie i: ew lists and the sorabia 

er yzed separately. 
generally zen the second-choice lists are 
Bien a inconclusive. Correlations be- 
ance "3 ey. of first-choice bet and vari- 
Varied Aes second-choice bet across Ss 
Used to vet: diio to .75 for the six lists 
irst-choice cai second choices. In general 
Predictor uu was a relatively poor 
pene Seconddhoie variance. Lists 
orderly ful hà ere presented twice—once in 
Once in ¢ et 1 respect to variance) form and 
Ween oo form. Correlations be- 
he two oin ; of the bets chosen in 
"oup 1 d ge .33, .37, and .19 for 
or the E. 73, .30, and .31 for Group 2 
Were ES id lists, respectively. There 
these anal ^ Ss in Group 3 to perform 
and 2 Cte Eighteen Ss in Groups 1 
Ae each lis M game more than once. 
EN rst time balay ios of the bet chosen 
Crate” he played the ome "E nr 
ürious n of these variances pu 
Mean g Sts fell between .16 and aes 
; Orrelation across lins af y a 
sts .94. E 
€ AN overall group 
ds bcs louie with respect to 
£l et | by replication of 
dig of E ut within S there 
ariability. 


Vi 

` Ice ( 

«o Derimen 
35 à good 


ae Range i3 


eo 


Yap th PX Range? 
x 
Racer 1 
» Rance 1/3 


INCREASING VARIANCE 7 ane 


Cumulative proportions of choices over 
‘ance for Group 3 
Its and random 


Fic. 4. 
within-ratige ordinal levels of va 
compared to Experiment I resu 
strategy. 


GENERAL DISCUSSION 

The results of these two experiments are 
clearly at odds with most theories that attempt 
to explain choices among gambles. When EV 
is constant and substantial amounts of money 
are at stake, the desirability of a gamble is 
not solely dependent upon the characteristics 
of that gamble. Experiment I replicated 
earlier findings of probability preferences; but 
the results of Experiments I and II together 
imply that none of the parameters of a gamble, 
alone or in combination, is suflicient to index 
the desirability of that gamble in the absolute 
sense. Evidently the choice probability order- 
ings of a given set of gambles can be changed 
by embedding that set of gambles in differing 
D This conclusion st rdless of 


ands rega 
-cepts the expl 


contexts. A C k 
anation offered in 


whether one 
rms of variance. 
Specifically, regression 
Lichtenstein, 1968b) and sub 
utility theory (Edwards, 1954b, 
fi clearly inadequ 


models (Slovic & 
jectively expected 
1961), without 
ate to explain 


te 


modification, are i 
the shifts in choice behavior obse sed in 
Portfolio theory (Coombs & 


periment 7" 
Huang, 1970) could account for these results 
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si ived risks 
as shifts due to queo d kae xmi te 
e ae doe (sei assumptions about 
EB a hat enable tests of the theory. 
EL doubt is cast on probabilis- 
Basie: theories that assume independence 
Iternatives when those alternatives are 
Saeko: ambles. One common form of this 
desunt ED is that which states that the choice 
Aoba Mib orderings of any two stimuli aa 
independent of the offered set of VES 
(a specific example is the theory of Luce, 2 i 
Tversky, 1972), Although the present enu 
did not examine choice probabilities directly, 
the fact that it is possible to change Ss’ choice 
tendencies by manipulating the set of offered 
alternatives geras et order inde- 
ence as stated does not obtain. 
Se Tversky (1972) has proposed a 
probabilistic choice model based on elimina- 
tion by aspects. This model explicitly does 
not assume order independence às stated 
above. However, Tversky derives as à con- 
sequence of his model a regularity condition, 
which asserts that the Probability of choosing 
a given alternative cannot be increased by en. 
larging the offered set containing that alterna- 
tive. Although this specific manipulation was 
not included in the present experiment, on the 
basis of the results wi 


€ would expect that it is 
possible to increase choice tendencies for, Say, 


the higher variance bets in one of the Range i 
lists merely by adding even 
bets to the list, This would ol 
dict the regularity 
Tversky’s model. 
That the Perception of 
be influenced by 
perience js nota 
Judgmental anch 
have long been i 
1947). C 
terms in socia] 
Hovland, 1901) The presen 
that concepts an 
tion, assimilation, 


higher variance 
»viously contra. 
condition necessary to 


Psychology, 
Ptation effects 
e (e.g., Helson, 
ion are common 
Es see Sherif & 
t results suggest 
choring, adapta- 
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LATENCY OPERATING CHARACTERISTIC: 
IIl. TEMPORAL UNCERTAINTY EFFECTS! 


JOSEPH S. LAPPIN? asp. KEN) 


Vanderbilt Uni 


STH DISCH 


ity 


he purpose of this study was to determine the effect of temporal uncertainty 
on the latency operating characteristic (LOC), defined as the trade-off between 
speed and accuracy. Foreperiods were either constant (1,000 msec.), one of 
two equally likely but unnoticeably different durations (975 and 1,025 msec.), 
or one of two equally likely and noticeably different durations (750 and 1,250 


msec.) 


so for the LOC. 


Mean RT increased with temporal uncertainty, but this was not 
Most efficient performance w 


as obtained when the 


foreperiod was 975 msec., and poorest performance occurred in the 1,250-msec. 
condition. Better performance with the early stimulus (at 975 msec.) is con- 
trary to Anticipation and Preparatory Set models for the effects of temporal 
uncertainty, but is consistent with a Diluted Sample model in which temporal 
uncertainty affects the temporal integration of sensory data. 


2 n 

gp m (RT) increases with tem- 
Variability (eon Ii E either the 
feme d^ Res Sarlin 195 9) or the length 
_ oe "p 1971; W oodrow, 1914) of 
stimul perio between warning signal and 

ES s reliably produces longer RTs. 
ep ioe and most widely accepted 
T is she n iA this phenomenon is that 
by Meee y related to S s preparedness 
caer “= and responding to the stimu- 
athena oe presumably 
us Brevastnte s expectancy for the stimu- 
termed a The explanation will be 
img qi, he Preparatory Set model. Follow- 
(1967) a ie elaborated by Thomas 
Sented as E lados a uiae d will be repre- 
jective d rien function, i.e., the sub- 
e E » ity that the stimulus will 
UU ver pe at time / given that it has 
*Xperimenr. en presented. For the present 
Selected with cinch the foreperiod is 
Set of a dee dt probability from a small 
istic of this pl. the principal character- 
expectancy is. representation is that S's 
Tom th an increasing function of time 
Prepara- 


Eo u- of the trial. 
Teparati 
Porte Patation of this 


wis report was partially sup- 
3s SO Mental i -21105 from the National 
sented at the As ealth. The results were also 
tl and Theos dum Conference on. Mathe- 
jim etic: E: ; ss 
g ana, Agel 1959 ical Psychology in Bloomington, 
S. " quests for repri ts 
Univer Weenie nts should be sent to Joseph 
ersity, Nashu: ent of Psychology, Vanderbilt 
~ Nashville, Tennessee 37240. —— 


tion should, thus, be greater for the longer 
of several alternative foreperiods and 
should be inversely related to foreperiod 
variability. 

However, temporal uncertainty not only 
produces longer RTs but also tends to 
produce lower error rates in choice tasks 
(Bertelson, 1967) and fewer anticipatory 
responses in simple RT tasks (Nickerson, 
1965; Snodgrass, 1969). These results 
clearly indicate that various foreperiod con- 
ditions yield varying biases for responding 
within a given range of RT, independent 
of any effects the foreperiod might have on 
the perceptual processing per se. Snodgrass 
(1969) concluded that anticipatory re- 
sponses triggered by. S's estimation of the 
foreperiod were sufficient to account for 
foreperiod effects on simple RT. Snod- 
atory model postulates two 
discrete sets of RTs, true RTs and anti- 
cipations; but a more general alternative 
might be simply that S's criterion for re- 
sponding varies with his expectation of the 
stimulus occurrence, without restricting the 
information from sensory processes to be 
binary, multivalued, or continuous. ‘This 
general explanation for the effects of tem- 
poral uncertainty will be designated as the 
Anticipation model. The essence of this 
model is that temporal uncertainty affects 
decision processes but not the sensory 
encoding of the stimulus nor the production 
of a motor response. 


grass' anticip 
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A third seperation oP od ps 
A à E 
pierde detection and recog- 
p a stimulus depend upon an accu- 
ots of sensory data Ww og quen 
M int in time, (5) tha a 
ien vraie eds ak which the sampl- 
tek pet data is initiated, and (c) 
NS i the lender to begin integrating the 
de ming sensory data varies monotonically 
uk S's expectation of the stimulus onset. 
Donditigne of temporal uncertainty pre- 
E stib: produce a greater vigne 
prior to the stimulus onset, à greater w * 
for sensory data occurring prior to Pus 
stimulus onset, and a concomitant reduc- 
tion in the signal-noise ratio when the 
stimulus is presented. This explanation 
will be referred to as the Diluted 
model. The essential idea is that th 
ratory process is cumulative. Whe 
Preparatory Set model h 
lower expectancy at the 
onset, the Diluted S. 


Sample 
€ prepa- 
reas the 
as focused on the 
point of stimulus 
ample model points to 
the higher expectancy prior to the Stimulus 
onset. Both models predict poorer per- 
formance as the foreperiod is lengthened 
in a constant-foreperiod experiment, but 
make different predictions when the fore- 
period is selected from & Set of equally 
likely alternatives: The Preparatory Set 
model predicts better performance for 
longer foreperiods ; the Diluted Sample 
model predicts better performance with 
Shorter foreperiods, Althou 
perimenters have found f, 
the longer foreperiods in a set of equally 
likely alternatives (e.g., Snodgrass, 1969) 
this may 


, 
be due simply to shifts in the 
decision criterion, Green 


and Luce (1971) 
found a slight tendency for faster RTs with 
shorter foreperiods when they used à distri- 
bution of foreperiods with a constant hazard 
rate. 


gh many ex- 
aster RTs for 


Any attempt to explain the effects of 
temporal uncertainty upon Performance 
must differentiate the ributions of 
processes for encoding ; ng stimu- 
lus information from 1 
decision processes th 
tendency for respon 
point in time. 
ating these cor 


at bias the 4 priori 
ding at a particular 
Our rationale for differenti. 
"ponent processes ig based 
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: -cen speed 
upon the trade-off relation serge e 
and accuracy, i.e., the lateney T Disch, 
characteristic" (LOC) (Lappin E ion cri- 
1972a, 1972b). Variation in iit and 
teria is presumed to shift the no Oc 
accuracy to various points on erceptual 
LOC, whereas the amount of BS time is 
information available at any EIVEM ination 
presumably reflected in the —— RT. 
accuracy of responses made at a ae r LOC 
The slope and the intercept of a hoor ; (he 
provide two parameters for measuring 
speed of perceptual processing. icts that 

The Anticipation model predic ts with 
the LOC should remain peces un- 
temporal uncertainty since tempor: onse 
certainty is assumed to affect the eidem 
criterion but not the perceptual pem to 
If various foreperiod conditions 5 but nO 
produce changes in RT distributions E 
variation in the LOC, then evidence lity o 
be provided for the convergent valid "m 
the LOC as a measure of perceptual P'Both 
ses unaffected by decision voca qa wane 
the Preparatory Set and Diluted S with 
models predict à shift in the LOC con- 
temporal uncertainty, Insofar as edet 
tributions of expectancy might be eae than 
to occur on a Probabilistic basis, rather the 
as a constant additive component the 
Speed of Perceptual processing, men gre 
predicted effects should appear in the 
rather than intercept of the LOC. aintY 

"Three conditions of temporal buc decim 
Were employed in this experiment: T bes (a 
Period in various sessions was ag two 
Constant (1,000 msec.), (b) one ferent 
equally likely but unnoticeably di ) one 
urations (975 or 1,025 msec.), or 2 dif- 
of two equally likely and noticeab PES : 
ferent durations (750 and 1,250 ly pe 
"empora] uncertainty should Cup e in 
srealer dn the latter condition tha 
either of the Other two; the effect E 
Second condition with unnoticeably | 
ferent durations was, however, less watt 
Thi ible condition w S Pina 
to only a single diatut le 
lime estimations, whereas the pou esti- 
condition should produce sepali" io i 
mations of the short and long forepe vide? 
The Unnoticeable condition thus Pe it 
or an examination of fine-grain chang 


ain. 
nec 
[9 


MS unnotice; 
to give rise 


Aid 


TEMPORAL UNCERTAINTY EFFECTS AND THE LOC 


tl ` Se 1 i 
ne temporal course of S's information 
F s i: s 

Meng, Expectancy is presumed to be 
Sreater with the long than with the short 


Ori i : : i 
i pros in both noticeable and unnotice- 
able conditions. 


METHOD 


poe Two groups of Ss performed under dif- 
first four period conditions. For Group N, the 
noticeably d ions utilized two equally likely and 
msec, and T EAE foreperiods of 750 and 1,250 
foreperiod "y last two ses ions utilized a constant 
four sessi o 1,000 msec. For Group U, the first 

sions utilized two equally likely but un- 


Noticeably dy, 
Disce m different foreperiods of 975 and 1,025 
ore » and the last two sessions utilized a constant 


ek perd of 1,000 msec. 
groups wer 
s e c 
ai cons 
Were 


The first two sessions for 
dered practice, and the data 
Brei not analyzed. The last two sessions 
ed us to cun T UE group; some pilot data had 
ifferentiy si ic Et hat the two groups might perform 
under qii jas a result of the preceding performance 
erent conditions of temporal uncertainty 

his phenomenon was not obtained in the 


although t 
Present e 


Subj Xperiment. 

i ects. The * " 

Who served ; The Ss were 12 Vanderbilt students 
Students. as paid volunteers. Six Ss were graduate 
Five wo, and the remainder were undergraduates. 


as All Ss were 
had s the purpose of this experiment, and all 
Dents, ar no experience with similar RT experi- 
Btoup; ak Ex 35 were randomly assigned to each 
p udents were in each group. 

ba three females; the other had two. 
a e apparatus. Most of the method- 
ji road this experiment were identical to 
Dd 2b). f sti i were 
. 2.1 c/m? in fre eiae 9 in 
dnce, 19" in 


ja nous circles 
janleter, and 40 


Ne fixation S a GENSET t6. the right or left of 
SPonded T point, remaining in view until S re 
Sw: 5 cae background w; 5 ere 


T in ins Tr 5.5? square 
Consist luminance. The two alternati LS 
telega cd » lifting t E 
two P^ Key; the 
Wo stimul y; the 


20.6 


as presented after 


NE ap, í 
ünd Pbropriat Foreperi i 
oreperiod durations 


Stimulus 
quncheq S. 
By ra 


e foreperiod. 


SOS Hawes 
ERN were controlled by pre- 
ape; both variables were 


ndomized wi indepen- 


he ty, > i 

ba? Values cubes Figures eed pectin ind 
3 t S oc 9 umes in each successi 

: ) tei rt ) each successive 
Mtrolle ME The stimuli were presented and 
e Previous the same apparatus (Iconix jr 

-roced 5 two experiments à REIHE 
taineq E d speed-accurz cy "n 
te racy trade-off was ob- 


Y asking $; 

Sut = Es to respond at a speed that 

instructed rror rate of about 25. The Ss 

: to avoid guessing M Pe 
ed on 392 trials i 

B. | 992 trials in e 
first 32 trials were 


ach of the six 
considered practice, 
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and their data were not analyzed. There was no 
break between practice and c perimental trials. 
There were 180 experimental trials at each of the 
two alternative foreperiods in each of the two ex- 
perimental sessions with temporal uncertainty and 
360 trials per session with the constant 1,000-msec. 
foreperiod. 

Asa check on whether the foreperiods of 975 and 
1,025 msec. were indeed unnoticeably different, Ss 
in Group U were asked at the end of the experiment 
whether they had ever suspected that the signals 
arrived at different times on different trials and 
whether they had noticed any change in the pro- 
cedure for the last two sessions, None of the six 
Ss gave any indication of having noticed a difference 
in foreperiod between trials or sions. Our ass 
tion is simply that the distribution of S strategies 
and time estimations was the same for foreperiods 
of 975 and 1,025 msec. We do not assume that Ss 
were not able to discriminate the difference in fore- 
periods, but only that they did not do so. The S’s 
expectancy at 975 msec. was thus : 
less than or equal to that at 1,025 ms 
beginning of the trial. 

Additional details of the procedure were identical 
to the previous two experiments (Lappin & Disch, 
1972a, 1972b). 


after the 


RESULTS 


The average speed and accuracy of each 
S with each foreperiod are given in Table 1. 
In addition to the mean RT and error rate, 
Table 1 also provides an estimate of the 
“stimulus-controlled RT” according to the 
correction-for-guessing formula that follows 
from Yellott's (1971) "fast-guess model." 
These statistics are presented primarily for 
descriptive purposes; a more detailed 
analysis of. performance is given below in 
terms of the LOC. ] 

As may be seen, mean RT was an increas- 
ing function of temporal uncertainty. In 
Group N, the fastest RTs occurred with 
the constant 1,000-msec. foreperiod, and 
the 1,250-msec. foreperiod produced faster 
RTs than the 750-msec. foreperiod. T he 
effect of foreperiod on mean RT in Group N 
is statistically significant by the Friedman 
two-way analysis of variance by ranks, 
x2= 103, 4-6 B3, PO! Ges 
Siegel, 1956). "This same effect of temporal 
uncertainty on mean RT is also reflected 
by a comparison between the two groups; 
N and U, for the third and fourth sessions 
with variable foreperiods: Group U was 
faster. The average RTs for Group U 
(average for the 975-msec. and 1,025-msec. 
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loreperiods) are 


significantly faster. than 
those for ( 


rroup N (average for the 750- 
msec. and 1,250-msec. foreperiods) by a 
\tuskal-Wallis one-way analysis of vari- 
ance by ranks, X*(1) = 8.3, p < .01. Fore- 
pod duration had no significant effect on 
the mean RTs for Group U, by the Fried- 
un test, although there was an unex- 
tis. tendency for the faster RTs to 
ur with the hortest foreperiod. 

emer speed was often associated wi th 
are "Qe errors; and when the mean R l's 
(1971) a for guessing by Yellott’s 
Values ion model, then the correct 

imulus-controlled RTs” reveal 


certain effects due to temporal un- 
nore ` i cm detailed analysis of the 

Erben, oreperiod on the efficiency of 
> «nce was based on the LOC. 

Period eon Presents the LOC for each fore- 

based o. tton. Each data point is 


In eac] ! the combined data from all six .Ss 
Medi: à Sroup; the RT on the abscissa is the 
oe RT for each successive block of 270 


"als B AJ x x : 

‘om (except as limited by ties), ranked 
4 as Act "nce i i IAE 

Bite test to slowest for all six Ss com- 


arious Ss therefore make slightly 
Contributions to each data point, 
8 on their individual distributions 
he data were pooled in this way 
ES timber of trials for each S at 
beriod in the uncertain conditions 
eee not permit a reliable esti- 
Whisk ^e ( ; Che linear equations by 
unctions are described 
cedure c E e the same least-squares 
» Belem p we 1n our previous reports. 
tages of Variance in d’ accounted 
+f the ee uations Were as follows for 
AEN E conditions: N 750, 90.26; . 
6.2% ty 7° "Zo; N 1,000, 94.107. U 975, 
~ 4 | ,025, 95.9% -U 1,000, 95.897. 
be g e D seen, performance tended to 
in Group 5 under the 975-msec. foreperiod 
Certain fore bo less efficient under the un- 
meee, in Group M onditiong (750 and 1,250 
alist; - . i 
wire Sd the differences 
Ne probet fe were based on 
lemma. yi lity test for compar- 
6 Siege "m samples of nominal 
' ^?96). In order to com- 
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combined data of cach group (Group U in the upper 
section and Group N in the lower section). 


pare any two conditions, the first step was 
to calculate the average LOC for the two 
conditions (average intercept and average 
slope) and then tabulate the number of 
points for each condition in which the dis- 
crimination accuracy (d’) was above or 
below this line for just those points with 
median RT above the average intercept. 
A 2X 2 table was compiled by this pro- 
cedure for each of the 15 pairs of conditions. 
The results are given in Table 2. [he 
upper right half of this matrix gives the 
statistical significance of the comparison 
between each pair of conditions, and the 
lower left half gives the 2 X 2 table on 
which each comparison is based. The six 
conditions seem to fall into three rough 
categories: most efficient performance 
under the 975-msec. foreperiod condition, 
an intermediate and similar level of effi- 
ciency for the 1,025-msec. and the two 
constant 1,000-msec. foreperiods, and poor- 
est performance under the 750- and 1,250- 
msec. foreperiods. 
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TABLE 2 mc 
A T "oREPERIOD CONDITION 
ISONS IN. DISCRIMINATION AccURACY (d') FOR EACH FOREPERIO 
PAIR-WiIsE COMPARISONS 13 : 
E E 
2 
1 2 
Condition | = 
250 (1) ns p <01 p <01 p<.0 
N12 
| < .01 
: ns ns p «.05 b 
N 750 (2) ES IR 
.01 
AL ns ns p< 
N 1,000 (3) x PES 
= ns p<.05 
U 1,025 (4) Er 
sts : E. p< 
U 1,000 (5) Eri g^ : : 
7|0 513 " i 
U 975 (6) Ei -H Ax 


Discussion 
The principal finding was th 
varied with the length and vari 
foreperiod. On the assumption 
represents a limitati 
invariant under 
emitting a response, then te 


at the LOC 
ability of the 
that the LOC 


ainty 
duces a change in 
Variation in 
dent when th 
1,250 msec, 

of the two f 


anticipated, and the RTs Ww 


apparently 
the response 
response criterion was most eyi- 
e foreperiod was randomly 750 or 
Stimuli presented after the longer 


More easily be 
rere f. 


also pro. 
Criterion, 


also produced 
a higher error Tate, W 
to portray the reci 


accuracy, there was 


the 
removed from the LO 


for this hypothesis would 


dramatic if the LOCs had remained ina, 


E ariant 
across all of the foreperiod Condition 

The Surprising finding was that Performance 
was more efficient with the 915-msec 


s foreperiod 


ives the 
: n gives the 
2 tables in the lower left, the TERN upper ro 
er of points below the average LOC ; 
condition, 


than 
(1,000 msec. 
This finding 
have been 

signal than fo 
Vhy should 


-onstant 
with foreperiods that were nits 
) or slightly longer Dm should 
Seems paradoxial aoe . early 
less well prepared for t i snals- 
T the constant or the later Smcient 

Performance be more e ss 


S 
E fore m 
when the stimulus is presented befo The 
! imum? 
expectancy has reached a maxim 
result 


is Contrary 
model and the P. 
explanation c 
Sample 


:cipation 
to both the one ial 
Teparatory Set alge ree 
an be provided by the rtainty 
model. By this model, red the 
about the point of stimulus onset redu » data 
extent to Which S's sample of Senne y 
© actual stimulus apes 
$, when expectancy is pan at 
S in the trial, the less pled 
ary data are likely to be we pem : 
the observational Sample of sensory reat 
This explanation is Consistent with the t n 
efficiency. under the shorter forepec i the 
?roup U (at 975 msec.) and also wrariable 
Poorer Performance under the most van“ y 


- in Group ^7 
foreperiods (750 and 1,250 msec. in € sud begs 


enta- 

at 
ant 
in 


ral oum 
gly, the effects of vo F, 
Were reflected mainly in -RTS F 
S, i.e., mainly at the longer ifferen c? 
lower Sior Fates. The estimated dill gie 


itions 
between the best anq Worst conditior 


and N 1,250) was 13 msee 


discrimination began to 
ünd was 


at the point where 


rise. above chance 
approximately 95 msec. where d' = 4.0 
Corresponding to an error rate of about .02). 
m ne greater difference in RTs at low error 
Pisin Ses not point to the advisability of con- 
| ed M UN with low error rates 
reliable i rites of the error rate become less 
i$ that ida ac error rate is reduced. T he point 
imitation Areni processes seem to underlie the 
of — s by the LOC and the speed 
a as measured by mean RT. 
criterion “igh the contribution of a response 
s removed from the LOC. 
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Sir George Williams University, 


Effectiveness of supplied mediators 
plied auditorily (A supplied) or 


Montreal, Quebec, Canada 


was studied by having mediators sup- 
Visi 


lly (V supplied), generated by S 
(generated), or not mentioned in the in 


and forty Ss learned two lists, each conta: 


noun (A-C) pairs with the A noun 
abstract noun (C-A 
eight combinations of four media 
On two measures of learning ther. 
A-supplied conditions or betwee: 
the former two conditions wer 
measures and to the V. 
faster with the slower 
with the C-A/C superiorit 
Results were related to 
of supplied mediators, 


Recent studies of Paired-associa 
learning which compared mediat 
plied by E with those generated by S have 
found significantly greater recall with gen- 
erated mediators (Bobrow & Bow 
Bower & Winzenz, 1970; 
Schwartz, 1971), These resul 
obtained with a var 


te (PA) 
ors sup- 


ords were embedded (Bof. 
row & Bower, 1969. 


; Bower & Winzenz, 
1970), sentences Produced bya yoked con- 
trol S (Pelton, 1969), and Single words 
which were known to be Primary Mediators 
for the pairs (Schwartz, 1971). An excep- 
tion to the genera] finding of Significant 
Superiority of generated mediators is a 
study by Lieberman, Walters, and Cox 
(1968) which found no difference between 
the two conditions, The Lieberman et al 
study differed from all of the ex E 
S in that iators 
were supplied auditorily ; i a a i 
Pelton's study in that 
iators were popul: 
Syncratic, 
n 
! This research was su 
from the National Researc i 
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f Canada, 
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as test cue (4 
) pairs with the C noun as tes 
tional conditions 
€ was no dillere. 
n the V-supplied 


ructions (control). Two hundred 
ining abstract noun — concrete 
C/A) and six concrete noun - 
cue (C-A /C), under one of 
and two presentation rates. 
nce between the generated and 
and control conditions, but 
control condition on both 


Learning was 


1 rate, the second list, and the C-A/C pairs, 
y being accentuatei 


and accessil 


d with supplied mediators. 
bility of imaginal representations 


When Sroups supplied with mediator 
have been Compared to uninstructed P 
trol 5s, significant facilitation of the ie r2 
ing of adult Ss has been found with hw 
WOrd pairs ang single-word media, ut 
(Schwartz, 1971; Wood & Bolt, 1968), ^^^ 
not with syllable-word pairs and "s 
word mediators (Dallett, 1964) or tors 
Word-worg Pairs and sentence medii ese 
(Duffy & Montague, 1971). In all of t vere 
experiments the pairs and mediators W 
presented visually, in- 

The obvious explanation of Lg hat 
efficiency of supplied mediators iS g 
adult Ss normally generate at least tions 
mediators even without special instruche 
and that Mediators supplied by A 
Simply not as appropriate for an ma 

as are those he generates himself. jete 
anation is at best eee 1 
artz's (1971) finding that 8 han 
mediators were more effective afia 
Supplieg mediators even when the com Pd 

‘AS restricted to those cases ae? 
generated and supplied mediators 


he 
identical, chwartz reported that » hc 
Superior recall of responses foun a pri 
Senerateq mediators was attributable the 
manly 16 the greater retrievability plied 
Senerated as compared with the pae. 
pcg at time of testing. She sus& due 
h 


at thi : "itv could be 
MS greater retrievability co 
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LOS (6 c 7 
i ie between the supplied 
Similarity di = vie response, (b) greater 
Benerated me oh and test conditions with 
relations hetw iators, (c) more meaningful 
5 generates yia ps "o mediators when 
anren Fis ise (essentially the 
ower, 1969). or iy pothesis of Bobrow and 
accruing to 5 or (d) motivational benefits 
himself, S who discovers mediators by 

hierar 
o nce experiment was an attempt 
etermining more exactly the conditions 
Mediators g the effectiveness of supplied 
amined fo lo this end, learning was ex- 
rates of EMO successive lists and two 
CORN ton; with mediators being 
With teamed auditorily or visually and 
finition ote weak retrieval cues. The 
Was Waited strong and weak retrieval cues 
hat cone on Lockhart's (1969) finding 
rete (C) nouns are more effective 


Cue, 
S 
Ot retra 
Nouns, etrieval than are abstract (A) 
The METHOD 
Volu, 5 were 
“Nteered 653 240 undergraduate students. who 
Four : c in the experime: 
bein Mediational experiment. : 
g al conditions—with mediators 


Dlie P Supplied vi 
D audits A nal (V supplied), (b) sup- 
sponse te? G supplied), (e) generated by S 
an ases to Rt a to form words, images, 
G) Wt bi rine the word pair (generated), 
rates Combined rhea Ans "s instructions (control)— 
s and 6 actorially: With two presentation 
th 30. (o to yield eight experimental 
Pair All Ss bu assigned in rotation to each 
itis 8 toa cri eos individually, learned two 12- 
served “ ete an m of one perfect recitation using 
Stoup OS first li ethod of PA learning. Each list 
t g i t learned for half of the Ss in each 
à d fram i a of a C and an A noun 
Pairs i pe Yuille, and Madigan (1968), 
Ave PAs order m st being randomly assigned 
tS test *) and six t with the C noun as test cue 
y Ad Cue (A-C/ A the A-C order with the À noun 
/A). The same two lists were use 1 
971) and are f! a ee 
media tee are urther described there. 
ie ke s were derived from those 
T fr anu Arbuckle study by 
i. Á requently occurring theme 
reported for each pair and ex- 
These sentence 


Bion, 
UDs w: 
Bri us wi 


Ssi 
Meqi this the 


ble 
in le 
dee (range: 5-11 words), greater 
ona] Fes out of 24 contained at least 
in), and greater in degree of 
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transformation of pair members (e.g, order of 
occurrence of pair members was reversed in the 
sentences for 5 A-C and 6 C-A pairs; several nouns 
were changed in form: to verbs [1C, 3A], to adjec- 
tives [4 AJ, to related C nouns [2 AJ, to plurals 
[6 C], and to poss s [1 C]. The pairs and 
left-hand members were photographed on 2x2 
negative slides, the mediators in the V-supplied 
condition being placed below the pair. The media- 
tors in the A-supplied condition were presented by 
a Uher 8000 tape recorder, the Diapilot of which 
was used to pace the projection (by a Kodak 
Carousel projector) of the visual materials under all 
and to ensure approximate simultaneity 
and mediator in the A-supplied 
ite simultancity of offset was 
the mediators over 4 or 6 sec. 
of pairs were constructed for 
each list, with starting point in the sequence © 
orders being s ematically varied acro: Ss within 


groups and each S receiving the orders in sequence 
e members, 


conditions 
of onset of pair 
condition. Approxim 
achieved by speaking 
Four different orders 


until criterion was reached. Respons! 
recalled orally, had to be exactly reproduced to be 
after reaching 


counted correc Immediately 


criterion on the 
and on each list ir 

were questioned on use of mediators and were 
asked to reproduce the mediators 
plied or generated. 


f trials to criterion as à func- 
and mediational condition 
was significantly 
? (1, 232) — 
F (1, 


Analysis 0 
tion of rate, list, 
showed learning 
faster with 
22.29, P € 
232) = 51.98, P € - ed 
nificantly across i conditions, 
F (3, 252) = 3.66, p < .05; and that there 
were no interacti t hoc Newman- 
Keuls test that learning Was es 
nificantly z) faster under generate 
"A-SU inder the 


deviations of tri 
Table 1. 
Analysis of 


rate, 


dition show bs 3 

greater with; tha 0:360 rate, Io» 
14.63, P < .01; the second list, i ia 

POS E 53 í 1 ani that it 
j 232) = 82» ; dps 

e 230 cantly across yia an 
ii À 232) = 0:92 

eae à FA Keuls tests showed that there 


hoc Newma 
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TABLE 1 
SEAN EVIATIONS OF TRIALS TO CRITERION AS A FUNCTION ot 
Miass E ns Ra E ism AND MEDIATIONAL CONDI "os — 
SS eS 1 condition 
| A 1 E I 
| i | Control | Visually supplied | Auditorily supplied | G 
Rate List | : E id Nas i -| c 
M | sD | M | SD | M | SD | M 
| | 4 
| 5 | BI 5.3 | | 46 | 29 |4 
5 eo io | 20 [42 | 137 | 25 | 40 
45 om | 10 | | xo | 26 |38 
S56. Second 3.6 2.9 | 3.5 | | 3.1 | 24 2 
M 4.50, | 4.25.5 | | 3.85, | 3.11, 


Note, Cells having different subscripts are significantly different at the .05 level, 


was no difference between the generated 
and A-supplied conditions or between the 
V-supplied and control conditions, but 
that the former two conditions were signif- 
icantly superior to the latter two conditions. 
There were two significant interactions. As 
may be seen from Table 2 the Rate X List 
interaction, F (1, 232) = 4.04, b «€ .05, re- 
flected a greater first-to-second list im- 
provement with the 6-sec. rate, while the 
Pair Type X Mediational Condition inter- 
action, F (3, 232) — 2.87, p < .05, re- 
flected an accentuation of the superiority 
of C-A/C over A-C/A pairs with supplied 


/t* airs the 
nique showed that with C-A/C st 
A-supplied condition was Sigin ean A p 
< .05) superior to the control and p the 
plied conditions and not different fro! vlie 
generated condition, while the VE th 
condition did not differ from eithe vith 
control or generated conditions: x 
A-C/A pairs, neither supplied co! 
differed from the control condition: i 
both were significantly (p < .05) ™ 
to the generated condition. : „rated 

Analysis of mediators reported |, Quee jae 
on the second list as a function of E mor! 
tional condition and rate showed tha 


lition 
an 
jor 


; s à $ Soio ader 
mediators. Post hoc Scheffé tests on this pairs were reported mediated p er the 
interaction using Cicchetti's (1972) tech- generated condition (8366) than t 
TABLE 2 . 
Correct RECALL ON TRIAL 1 AS A FUNCTION or Pair Typ MEDIATIONAL CONDITION: 
List, AND PRE! ENTATION RATE = — 
— z = 1 = = — 
| List and rate 
—— = - M 
PátéAype Mediational condition | First 
Po ae A r E 
| — as 6 sec i-es 6 «ec = 
C-A/C | Control 197 2.63 2. 
Visually supplied 223 3.00 g£ 
Auditorily supplied 1 3.10 3.63 2. 
Generated by 5 2. 2.73 | 3.50 | 2. 
4 € | Control . | rd 243 2.83 2. 
Visually supplied | 2.00 2.07 | 2.93 2- 
| Auditorily supplied | 2:30 2.37 | 3.00 2.88 
Generated by S 2.83 2.80 | 3.37 
| ` | 240 E- 
i 1.98 233. | s» | 313 | el 
- m = eo 4 — i _ cat 
Vole. Pair types: C-4/C = Concrete (C) noun paired with abstract (A) noun wane noun as test cue; A-C/^ 


pair with A noun i t cue. 


—Mu— ~ 


P pe 
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control condition (53%), F (1, 116) = 35.8, 
p < 01, while analysis of reported medi- 
ators in the generated condition as a func- 
E list, rate and pair type showed more 
E pairs (8564) than C-A pairs (79%) 
3 reported mediated, / (1, 58) = 9.0, 
di a No other effects in either anal- 
S Were significant. 

E^ 1 N Sappien and A-supplied condi- 
Eioriis generally reported having used the 
NP led mediators for most of the pairs. 
Banane ee of this report was 
the ndi having Ss recall or paraphrase 
i. oe only eight A-supplied and 
E iix supplied Ss failed to reproduce 

actorily at least 20 out of 24 mediators. 


b : 
E E four of these failures were with the 
ec. rate, 


Discussion 


Dike corn 

the Punti interest of this experiment lies in 

Désented © that supplied mediators, when 
ed auditorily and used with C-A, C 


Pairs 
» Were as effective S-generated 


mediators, as 


The " " 
vious ng effect is consistent with pre- 
S, Mdings of Lieberman et al. (1968) that 


Ss 

> give snis ^ e 

Well ae X mediators auditorily learned as 
S Ss w m 1 

Duffy who generated mediators and of 


Mediaton Montague (1971) that Ss given 
"structed visually learned no faster than un- 
Supplied ee Phe fact that mediators 
ive to ay facilitated learning rela- 
Same Madia uninstructed controls, while the 
50, could tators presented visually did not do 
Sug d be explained by Schwartz's (1971) 
IHE SIE pair with the 

ami ne presenting. the pair 
eee mehator weite should 
from: un e the discriminability of the 
mediator, thereby 


tent 
ial c i i 
recall, confusion and increasing 


s 


reducing 
correct 


Non 
€ of Schw. ’ > 
Wever T etus s (1971) four suggestions. 
ors y Ems to explain why supplied medi- 
"- AT effective with C-A € pairs 
vec d ns Fi gia It is of course 
is finding was an ifact of a 
: SE GEI: artifact of a 
A/C pair 
nstr 
Ts an 


ho 


it ators having been supplied 
whe: Pn I rongi since mediators 
m rt e same manner for all 
Nodes: quotamily assigned to 
In ae * ity should have been 
recall for — work we checked 

Nese two sets of pairs 


Were [3 
bai 
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new 
was 


using an incidental learning task and a 
group of Ss. Overall mediator recall 
similar for the two sets of pairs (47% of the 
mediators were recalled for C-A C pairs and 
44€5 for the A-C/A pairs), but within each 
set mediator recall was much more likely when 
cued by the C member than when cued by the 
A member. These data are consistent with 
the argument that the greater effectiveness of 
the supplied. mediators with the C-A, C. pairs 
in the present experiment was not an artifact 
of the particular mediators used, but occurred 
because the C nouns were better retrieval 
cues for the mediators than were the À nouns. 
One way of accounting for the varying 
effectiven of supplied mediators across ex- 
perimental conditions is to assume, on the 
basis of recent statements about the role of 
imagery in language (e.g. Paivio, 1971a), that 
the effectiveness of a supplied verbal mediator 
depends on the extent to which Ss can create 
and retrieve an imaginal representation of it. 
The findings of. Atwood (1971) suggest that 
visual presentation of a verbal mediator would 
interfere with image creation while auditory 
presentation would not. lf so, then in the 
A-supplied condition Ss would be more likely 
to have an image as well as a verbal mediator 
available for each pair, a situation which 
should, according to the dual-coding hypoth- 
esis (Paivio, 1971b), result in greater recall 
with A-supplied mediators. Furthermore, if 
the supplied mediators were being transformed 
into images, the greater effectiveness of the C 
noun as à retrieval cue for the mediator and 
the responses would be explicable, since C 
nouns would be presumed to have greater 
redintegrative capacity for images than would 
A nouns. 
What this explanation does not account for 
is why there was not a similar advantage of 
C-A/C pairs over A-C A pairs in the generated 
condition since presumably these 5s were also 
using imaginal as well as verbal mediators. 
One possibility is that since these 5s reported 
mediating more A-C/A than C-A/C pairs. 
this “extra effort" may have compensated for 
a retrieval cue effect. 
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SOME STIMULUS VARIABLES AFFECTING 
SOLUTION SHIFT PERFORMANCE * 
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an unannounced shift in solution have typically 
shift with reversal of stimulus-response 
categories, an extradimensional shift to a new relevant dimension, and an 
limensional shift to new values on the preshift relevant dimension. Two 
variables, the novelty of new stimulus values introduced at the time of the shift 
and the similarity of postshift to preshift stimulus values, which had not been 
systematically examined, are shown in this experiment to affect the order of 
shift difficulty. Implications for theories of shift behavior and a possible 
integration of available evidence are presented. 
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by Kendler and Kendler (1969) to indicate 
the necessity of a mediational interpretation 
of adult conceptual behavior. During pre- 
shift learning, S develops the appropriate 
dimensional mediator for post-IDR perfor- 
mance but not for post-ED performance. 

More recently, Isaacs and Duncan (1962) 
and Johnson (1966) have examined and 
compared an intradimensional nonreversal 
shift (IDN), a positive transfer paradigm, 
with IDR and ED shifts. In an IDN shift, 
the same dimension is relevant before and 
after the shift, but different values are used 
Prior to the shift, S may 
learn to place yellow stimuli in Category À 
and blue stimuli in Category B. After an 
IDN shift, he must place reds in Category 
A and greens in Category B. Like the IDR 
shift, the IDN shift should be, and is, sig- 
nificantly easier than the ED shift for adult 
Ss (Isaacs X Duncan, 1962; Johnson, 1966), 
presumably because the same dimensional 
mediator holds before and after. More- 
over, the IDN shift is significantly easier 
than the IDR shift. Isaacs and Duncan 
account for this fact with the argument 
that particular stimulus-category assign- 
ments learned during the preshift phase do 
not have to be extinguished after an IDN, 
after an IDR shift. With 
an IDN shift, the newly required associa- 
tions can begin to form immediately, for the 
old stimulus values have been removed al- 
together from the task. This result, and 
another which shows the differential effects 
of number of irrelevant dimensions on post- 
shift performance, has led Johnson to an 
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alternative hypothesis-testing interpreta- 
tion of solution shift experiments. du 
Comparisons of the sort epe es 
Isaacs and Duncan (1962) ne 
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First of all, in Johnson's study, E y n 
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out the experiment. A noticeable change 
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attributable to novelty or attentional f. 
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Shifts, stimulus generalization 
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how- 
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be 


be potentiated with the more difficult post- 
shift problem, if only because there is more 
room for an effect to manifest itself. 

The purpose of this experiment, then, is 
to explore the effects of pre- and postshift 
stimulus similarity, type of shift, and diffi- 
culty of discrimination in the standard 
solution shift — concept identification para- 

igm. The results are expected to clarify 
not only some theoretical questions about 
the importance of stimulus generalization 
mn solution shift performance, but also to 
own information on certain previously 

nexplored methodological variables. 


METHOD 
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negative instances, and equal numbers of occur- 
rences of values on the irrelevant dimensions. 

Task and procedure. General instructions and a 
description of the task were given to all Ss before 
the experimental problems were administered. The 
Ss were told that the task was to learn a rule for 
assigning stimuli to two categories. The kind of 
responses required was explained. No indication 
was given that a shift in solution would occur. 
After 50 preshift trials, any S who had not begun a 
criterion run of 12 consecutive correct responses 
was informed that a single attribute was positive 
and was reminded of the four dimensions of the 
stimuli; the procedure then continued. If S had not 
reached criterion after 120 trials, he was eliminated 
from the experiment, Five Ss were eliminated as 
nonsolvers; they were distributed without apparent 
bias across experimental conditions. When S had 
ached preshift criterion, the shift was instituted 
without interruption. 


RESULTS 


Preliminary tests revealed that raw-score 
trials and errors to solution did not con- 
form to the F-test assumptions of equality 
of variance and normality. When the 
scores were transformed exponentially, ab- 
normalities of the data were eliminated. 
Analyses of variance on the transformed 
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IDN 3 t0 | 16 | 3 
: — —— — 
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action, F (6, 144) = 5,33, p< 01. Dis- 
criminability affects performance only in 
IDR and IDN conditions, and not in ED. 


This was, of course, expected because the 
dimension whose values varied in discrim- 
inability was relevant in the preshift phase 
only for IDR and IDN conditions. 
Individual F tests were performed com- 
paring IDR and IDN groups at each dis- 
criminability level. None was statistically 
significant. Similar comparisons were made 
between IDN Ss, who solved the preshift 
phase on the basis of the color dimension, 
and the combined IDN and IDR groups, 
who solved on the basis of size. The IDR 
and IDN groups performed reliably worse 
than the ED group only at discri 


minability 
level DE, F (1, 144) = 9.02, p < .01, A 
trend analysis w. 
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that the solution has shifted, then postshift 
performance in the DE condition should be 
essentially identical to performance in the AH 
condition because the change is equal, although 
in the opposite direction. This is clearly not 
the case. Postshift performance is retarded 
as a function of the collapse of the preshift 
difference between stimulus values, i.e., in the 
XX to DE conditions, but remains fairly 
stable as a function of an increase in the pre- 
shift difference, i.e., in XX to AH conditions. 
This suggests that those Ss who learn a DE 
discrimination during the preshift phase have 
become more highly sensitized to differences 
in size than have Ss in the preshift AH con- 
dition. Pre- and postshift collapse of the 
difference in size produces inferior performance, 
probably because size is no longer perceived as 
a variable dimension by at least some 5s. 

These findings imply that both pre- and 
postshift stimulus discriminability and the rela- 
tionship of stimulus values in the pre- and post- 
shift phases can be significant factors affecting 
the relative difficulty of solution shifts in con- 
ceptual problems. When the postshift task 
involves a relatively easy discrimination, the 
results of Isaacs and Duncan (1962) are repli- 
cable regardless of the similarity between pre- 
and postshift cues. The IDR is universally 
casier than the ED, possibly because no change 
of mediational response is required in the IDR 
case. The IDN is easier than the IDR, pos- 
sibly because not only the mediator remains 
the same, but the specific stimulus-response 
assignments required in a postshift phase 
benefit from modest stimulus generalization 
effects. 

The relationship between pre- and postshift 
cues becomes critical when the postshift task 
requires à difficult discrimination. With rela- 
tively little difference in cues, the results of 
Isaacs and Duncan (1962) are once again 
replicated. As the difference increases, à point 
is reached (in this case, CF) at which IDN € 
IDR = ED, the ordering obtained by John- 
son (1966). When the difference between pre- 
and postshift cues is large, shift differences are 
eliminated, suggesting that, at the time of the 
shift, Ss reset to zero and begin a new search 
for a solution to the problem. We conclude 
from these results that between-phase stimulus 
similarity is a significant variable controlling 
problem solving performance and relative shift 
difficulty, especially when the required dis- 
criminations are hard on an absolute scale. 
The results are not inconsistent. with either 
mediational (Kendler & Kendler, 1969) or 
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hypothesis-testing (Erickson, 1971; Johnson, 
1966) theory, but indicate needed directions of 
elaboration in both. 
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ratus and receive 
is assumed t 

on these trials. Phase 4 ae 
series of 
with a CS 
these trials, 
be elicited 


1 situationa : 
, conditione 


the learning 


by frustr 
Dunlap, 
Dachowski, 
increase in r 
mediately afte 
reward has beer 
high- than under 
sumably because 
nitude of Rr ( 


] that Rr 


conditione! 


and ri 
In Phase 3th 


anc 
nitude ofr 
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The safe box had a 
1 i and was 248 x 114 X 121mm. The ie heca 
mental response, Jumping E TE light-source box abooe ic similar pages : placed 
escape from the frustration-e iciting cues, ditioning? waz ept that te Pam proxiied d 
This procedure, employed in the present beneath the Ple iglas and. t x D SET 
experiment, allows comparisons to be made constant Alienakon gi m e etie: safe: bax was 
between Ss with equal D levels during the wooden floors, and the " oor liei. Puce 
itioning of r, but with different D hinged so as to serve as g and off manua y 
conditioning [ SR de 5 Phase 2 the CS was turned on ing the guillotine 
levels during the conditioning Of frustra- with a switch, During Phase 3 raising ning Box and 
tion. It was expected that the results door turned on the (CS in the un i of the 
would show the Magnitude of Trt started a Hunter Klockounter. Y CS and the 
hich it was floor in the safe box terminated 5 süred, in units 
ng Phase 2 — Klockounter. The Klockounter hurdle-jumping re- 
agnitude of r, - d, 95.01 sec, the latency of the E the safe box. 
agr f and, sponse from the conditioning box to ürst training 
"Pg than low D. Procedure, ‘Tes days prior to the ae viel 
^ all Ss were placed on a feeding &l deprivation 
was maintained throughout the ns intervals, * 
period. During this period, at 24-hr. 


for 
ace , 
A cage and placed er 

Was removed from its home cage a W i 4 


resulting in a greater m 
hence, faster hurdle jur 


METHOD 


Subjects and design, Naive male 
(N = 90), ranging in age 128-144 da 
laboratory colony, were used as Ss, 
divided randomly into Six groups, 
and two control, The D level, q 
number of hours since feeding (high D, 22 
D, 3 hr.), distinguished th 

These groups were designated HHI 
and LHL, the thre 


od. 
T. in another cage with access d arm cag : 
Was alw; available in the home and A percentage 
After 9 ¢ tys on this regimen, the pei 76- 
of ad.lib body Weight of the groups "beginning 9 
845. On the tenth day following the ion were fe 
deprivation, the Ss in the low-D sona the usua 
T carlier than usual. One hour befor 


€ letters referring, 


rimenta 
Š 4 experi! s ii 
el, hi À ceding tim ^ 5s were brought to the | , divi 
to the D level, high (H) or low (L), during Phase idon E re d E Bouyi P placed in ne ns 
(rg conditioning), Phase 2  conditionin Squads of six an 4 hest 
Phase 3 (hurdle jumping), T! 


holding boxes, 
The two t hi 
HHH and LET, sva; i ae, 


ible in t! 


Water 


Lv. ived 7 mm. 
groups : ph S receive lore 
| » Were treated in the same miner of anu the ee p E Allowed EH 2.5 ws 
cep ental groups xU Ed DUL, rape the safo bar CALLE T een 
T É 3 d si * apparatus à i 
IA eral Mud NOt receive a then Placed in duties neutral, box eal 
would not be corn’ ie eae Since r, Or 7 min, during which time the cae Ne 
pie 1, it was assumed that during Phase 2 p? m M 5, and the control Ss 0, < £ aid 
Es to diferente and te not Conditioned, n a p" following day, Phase 1 began. E ^ hr. 
E one 2 he perimental groups from Ss : ise g ay fae ee administere Al 55 
"8 fourth Jette (E referi 9S, the treatments were ¢ ting. / day 
Eu peter the group was eXperimental or ontro[, high-p Ss, 22 hr, after $n trials per fal 
Eve added to each group esignation indicated oa als on the PER i 
Appa ratus, 


The appara i 

E Aratus cons * 1 
tangular boxes placed en d d em 
Separated by à common w. 


1€ boxes Were 
or à guillotine d 


9 end, 
all Containir 


é control 
hg Perimental groups) or 0 pee: 

us d oor. This oor, 64 he | Th experimental Ss were ri 

Tested on a lurdle 35 m E the 9OX 10 sec. . T 1 

irst box and 48 mm abo, above the floor ol Í the cont s S s fron "ment. d out 
b The inar above the floor of n rol 9s, 10 sec, after placer as sponge ad 
Ox, | ie Conditioning Of ry during pj a: he Xperiment, the apparatus was of odor e 
rr e DAR 2 took Place in the first box. urs after each trial to minimize the ef yn which s 
vas pa ed white EPOR ol Afte; h se SS 

is pain s w hite anq was 270 5 After the last trial of Phase 1, those at the apP! el 
2 ounted above the Conditioning box and ser to haye their D level shifted were fed *: vd lev 
its lid was another, hinged box, he bottom Priate time so thay would be at their ne 
was covered by anded Plexiglas T i 
contained in th 3 


Ne next day, 
dir 2 2OX, one to Phase 2 
illumination of 95 Ix z 


L 
X., and another y 
source of the CS, a's o 


i se in Phase 1 X964 
t ry, lese t vere the same as those » a was wt Ss 
Q.D. Mcrease in PIuminatio, that all received 0 pellets, and the ‘box 5 ie 
95 to 1,216 Ix. ¢ n the r, 5i Sas S rig Placed in the conditioning bc s 
experimenta] , tri; Were re E 
food pellets ir 


itioning Dt 
Moved from the conditioning: s 
after plac nent, at which time the qb 
nated, A ter the last trial of Phase 2, 
Ss 


i zi leve 
n time of thos 5 which had had their D 
mg hurdle- m 


Plhas 3 ena 
Ee dps of 20 hurdle-jumping trials 
Completion at Bl single session on the day following 
conditioning b AE The S was placed in the 
| Sor was rais, d and 10 sec. later the. guillotine 
. ion. of the CS simultaneously with the presenta- 
response, S pon: After making the hurdle-jumping 
then Was fe emained in the safe box for 10 sec. and 
— jump t: 60 uos ed to the holding box. If S did not 
mg box aids Ri it was removed from the condition- 

o inal eas LA d of 60 sec. was recorded. 
Ministered fail of the experiment, trials were ad- 
tach grou ) the Ss in squads of six (one S from 
range 5-9 4 with a variable intertrial interval 
* Necessary f nm), determined by the length of time 

Y for the other Ss to complete a trial. 


RESULTS 
Hurdle- 


o 
d Speeds 
and mean 


Our trials, 


n 
level id 


Jumping latencies were converted 
y a reciprocal transformation, 
$ were calculated for blocks of 


ox p determine the effect of D 
analysis Ha hase 2, a repeated measures 
hurdle; S Variance was performed on the 
| HL qi ping speeds of Groups HHH-E, 
during [os IL-E, and LLL-E. The D level 
\ i cael and 3 and the D level 
on e served as the between-Ss 
and trial blocks as the within-S 
: à “a Performance curves for these 
ant o oo in Figure 1. Signifi- 
bg obtained for D level 
05; p 1 and 3, F (1, 56) = 4.28, 

+ D level during Phase 2, F (1, 56) 
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Fic. 2. Mean speed of hurdle jumping for the 
constant-drive experimental and control groups. 


= 8.93, p < .005; and trial blocks, F 
(4, 224) = 8.00, p <.001. The interac- 
tion between D level during Phase 2 and 
D level during Phases 1 and 3 was not 
significant, F (1, 56) = 1.43, p > .20, nor 
were any of the interactions with trial 
blocks significant (all ps > 10), An in- 
spection of Figure 1, together with the re- 
sults from this analysis, shows that both 
groups with high drive during Phase 2 
jumped faster than their comparable low- 
drive groups. 

In order to evaluate the amount of frus- 
tration conditioned in Groups HHH-E and 
LLL-E, these groups were compared to 
their control groups, HHH-C and LLL-C. 

A repeated measures analysis of variance 
was performed on the hurdle-jumping 
speeds with D level (high or low) during 
hte RR AA 
conditions (experi oh ea 
8 experimental ox vo \ 
selween-Ss và ve: v ckdh) asthe 
within’ facie. $, and trial blocks as the 
for tl actor. The perform: -— 
> 1e four groups are IRG curves 
PAR Only tsa’ auie ati Presented in Figure 
(1, 56) = 7.55 b ects of conditions, 2 
(4, 224) = 7.92. A be, OL; trial blocks, F 
X Conditions Toa" 001 sand the D Level 
16.73, p < .001 eu M F (1 56) = 
cant, liecaume | ound to be signif- 
: use of the significant interac- 
tion, the effect of. conditi ‘ , 1 
ons at each D 
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i 1 Its indicated 
vel was examined. The resu 
ES due experimental and M arois 
E significantly different under E. , 
ra 28) = 22.35, p < .001, but not under 
low D, F « 1. 


Discussion 


When hurdle jumping took pus unem TOR 
D, the group which also had i E) = 
frustration conditioning oy T ga 
formed significantly fe ge ER 

Sroup. HLB-ES x 
sme cep r that high D during 
Ces a eie of frustration resulted in a 
Uno magnitude of conditioned frustration 
Es D: It could be argued, however, that 
Es resale was simply due toa guns gen- 
eralization decrement. Specifically, à change 
in D level between the conditioning of a re- 
sponse and its subsequent elicitation may re- 
à sult in a relative decrease In response Strength, 
because the change in D level changes à por- 
tion of the stimulus complex (the drive stimuli) 
to which the response has been conditioned. 

Therefore, the inferior performance of Group 

HLH-E could be attributed to its two shifts 

of drive level. The first shift was from high 

D during the Conditioning of Ty to low D 


during its elicitation in Phase 2. This could 


lon to high 
This change in D 
a change in the stimulus 
e jumping sufficient to 
ngth for ry. 
yD during the condition- 
id not result in 


than high D, it might still result in 


hurdle-jumping speeds. 
An evaluation of the 
tive explanation may 
the performance of th 
during hurdle jumping 
eralization notion al 
that Group LHL d 
level shifted twice, s 
than Group LLL.[, 
opposite direction and, 
in the present Situation a 
tion decrement can be 
factor in interpre 
it is most parsimonious 
differences obtained durin 


less ry 
slower 


validity of this alterna. 
be made by examining 
€ groups with low D 
* Froma stimulus gen- 
be Predicted 

had 


as the critical 
Therefore, 
nt for the 
jumping in 


lo accour 
g hurdle 
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— ition- 
terms of the effect of D level on ptt 
ing of frustration. In "i mer also be 
it would be expected that Rr wo x would 
elicited during hurdle nS N uld pre- 
affect performance, its magnitude bes a given 
sumably be constant for the groups a 
D level. shen 

The greater magnitude of r; ee as 
nonreward was administered under etal 
compared to low, D and which led spa 
hurdle-jumping performance can wd pene 
in several ways: (a) High drive coul i yon its 
the response strength of rz and result, ide o 
disconfirmation, in an increased e AD the 
Tt; (b) high drive could directly Ae oe of 
Magnitude of Ry and, hence, the T SB acre 
Tt; Or (c) both effects could have D level, 
Since the magnitude of Rg, at a given the re- 
was the same during ry M ir tel oll 
sults cannot be due to the effect of > D level 
the magnitude of Rg. The effects i id Rr) 
on the other determinants of rp (rg at study 
cannot be differentiated in the ins Mg n^ 
because they occurred simultaneously 
the conditioning of frustration. . erfor- 

comparison of hurdle-jumping bu 
mance at each D level between eiae a 
mental groups which did not EU contro 
Shift in D level and. their respective her the 
E'OUPS Provides evidence as to whet a the 
experimental] Procedures were adeq -— | HH-E 
Conditioning of frustration. Group contro 
performed significantly better than its „s that, 
stoop, HHH-C, This finding indica O 
under high D, nonreward following a qu 
rewarded trials resulted in ion poder 
under the present experimental Cicuationt 
Was conditioned to the CS and the E orm 
cues, Group LLL.E, however, did een its 
in a Significantly different manner to find 4 
contro] Stroup, LLL-C. This failure "der the 
Significant difference suggests that ur 


ion was 

ae j LOC ation " 

low-D Condition insufficient m hurdle 

Conditioned to be detected by th ssible 
Jumping 


" 0: 
There are two P 
Either the 


y the 
uring Phase 1 was not sufficient to pom M 
Conditioning or Tg, or the low D spacer en the 
resulted in insufficient Tg or Ry to ? LHL-Es 
Conditioning of re However, UH demon 
Which also had low D during Phase *; ILL-E: 
Strated, in Comparison with € There 
that r, Was conditioned during Phase durin’ 
Set fg Mist: have heen conditione z 
Phase 1 under low D. contrat? 
The results of the present study are 


g“ 
mee 
er 
: : sed oth 
to previous studies which have used 


DRIVE LEVEL AND CONDITIONING FRUSTRATION 301 


Sures of rp in evaluating the effect of drive, but 


studies Consistent with the results of the 
dim ss w ich have examined Rr. Drive level 
Ene es in the present study, to have the 
E ed on ři as it has been shown to have 
ed ius appears that higher D results in 
creased magnitude of both Rr and r;. 
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"TCO! ID T NER'S CONSISTENCY 
ARNING OUTCOMES AND THE LEARNER'S CONSIST 
e ta IN ROTE AND CONCEPTUAL LEARNING! 


NICHOLAS M. SANDERS? axp OVID J: L, TZENG 


Pennsylvania State University 


An experiment comparing performances in 
and two multiconcept tasks, one wi 
across concepts (systematic concepts) 
dimensions (unsystematic concepts), ri 


task 


were learned more slowly than the 
which did not differ. However, po: 
stimuli indicated uns: 
and more accurate than system: 
individual difference measure 
tendencies were facilitative in t 


Metzger (1958) posed a comparison be- 
tween performances in rote and concept 
tasks. He defined rote learning as “that 
type of learning in which the S is required 
to associate a single response with a single 
stimulus [p. 226]" and concept formation 
as "that type of learning where § is re- 
quired to associate the same response to 
different stimuli [p. 226].” He Provided 
for two types of concept tasks, one in which 
the same dimensions were relevant for all 
concepts, systematic concepts, and the other 
in which the particular combination of 
dimensions relevant for one concept was 
not relevant for any of the other concepts, 
"nsystematic concepts. Using the same 
stimuli in the rote and multiconcept ta: k à 
Metzger found that (a) learning w eem 
rapid in the rote task th 
matic-concept task E arning į 

rote task did not dd d icing iu p, 
that in the Systematic-concept task. X 

ger suggested that hi 

plained by postul at one fact ie 
Sponse interference, is always Dress at i 
a response must be associated With tw p 
more discriminably different stimuli p 
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atic-concept-task Ss, Also, 
indicated that learners’ 
he systematic- 
in the unsystematic-concept condition 


à rote, one stimulus per response 
th the same relevant dimensions 


and one with no consistently relevant 
evealed that the unsystematic concepts 


systematic concepts or the one-to-one pairs, 
sttask discrimi 
stematic-concept task 


nation of old from similar new 
and rote-task Ss were comparable 
à specially devised 
consistency-s 
concept condition, debilitative 


» and not important in the rote task. 


that response interference is somewhat 
offset by a second factor, his “systeme y 
concept formation,” when the same dime! 
Sions are relevant across all the concepts. as 
However, Smith, Jones, and 1 pert. 
(1963) found that performance on a pen 
matic-concept task was superior to € 
formance on the rote task when Ss P058) 
the stimulus presentation. Metzger md 
had used a rapid, 2:2 rate of presentate 
Which may have inhibited the full aped 
of the Systematic-concept-formation = 3 
cess, as Jung (1968, p. 182) has sugges on- 
lowever, the Smith et al. systematic? o 
(“pt task was quite different from alia 
Metzger, and primary stimulus gene ying 
tion may have been the process ae i 
the superior performance of their sent 
that Condition. One purpose of the Xp 
Study is to compare performances ^" f 
and Systematic-concept tasks sme 
Metzger's (and others often used in con^": 


[d 
earn; i riment 
learning Studies) when the experi” 

Paced, 


. A second purpose of the presen 
'S to explore one type of learning out 
the rote, Systematic-concept, and unm 
atic-concept tasks by determining scrim 
curacy with which Ss are able to P. ning 
nate between stimuli used in the 1 


ath 
:rerio 
d : E .pocritel 
task and ney similar stimuli me E 
Performance in the learning taS* ,5ge 
who le 

what 


st task 
ciatin 


t study 
jn 
come !' 
yster 
> ac 


arn a systematic-concep ase? 

avoid response interference mo m" 
oni 

8 responses only to the co! 
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ROLE OF CONSISTENCY SEEKING IN LEARNING 


tures of stimuli assigned the same label, 
Seneralization of the concepts to the new 
Stimuli would result in misclassifications of 
the new stimuli. However, it would be 
expected that the memory of unsystematic- 
et task learners would not differ from 

-task learners, if the 
concept task leads to a ro 
earning of stimu 


unsystematic- 
te, one-to-one 
de li and responses. 
Donington at ee ee 
E s a i effects s differences in 
Es vien [gm on performances 
) tere. Gash bed tai While 
earners ave in bows d iri Ti^ us 
Boiss is ved solely in a linking of 
sns m rad to an individual stimu- 
s lents of concept learning 
Pd Goodnow, & Austin, 1956; 
Blavite < prin, 1967; Peterson & 
earners i x, have demonstrated that 
a eae Ww ith a variety of strategies, 
together e among stimuli grouped 
) Ptzger and though the tasks used by 
not tem h in the present study (a) were 
, “sented to Ss with standard concept- 
Instructions and. (5) included only 
i number of stimuli with repeated 
aae io (thus allowing for ease of rote 
th; EL r^ tasks), it was still possible 
‘sh oe actively search for 
rules for the assignment 
m imuli in the concept tasks. 
t ore might interpret the 
ag the ele hy 1e instructions, as 
dling, Th “i e Tesponse for each 
s referred ems orientation has not 
N as à strategy in previous 


Sarning 
Small 
Present 


Consi 
responses to st 
Yer Ss 
ask, 


arnir 
imi 


€Pt-strate, i 
Present e Studies. Thus, in (he 
Ori dy, a new ; 
entas: » a new meg nS 
ám Nation easure of learner 


was devise. 94 z 
Dg learn ViSed to differentiate 


ers oes 
TOte-lea enin Pe consistency-seeking 
hesizeq á S dimension. It was hy- 
faci à lat consi > 


stency see 


ii “the king should 


coy but debilita, S, SYstematic-conc, 

disce a e. in the unsystematic. 
In <?Sional co; Which there is no relevent 
s le ro " me d among concepts. 
aaao the pes Ss should be less likely 
indic, 9l the inte, UP orientation be- 


abels for each 


METHOD 


Subjects. Fifty-one college students enrolled in an 
introductory educational psychology course volun- 
teered for participation in the experiment in order 
to receive additional credits toward their grade in 
the course. Data for one S in the most difficult 
condition were excluded due to inability to complete 
the task. 

Design. The Ss were individually administered a 
specially devised measure of consistency seeking in 
learning, followed by two filler tasks. Following 
these three tasks, the S was given one of three ex- 
perimental tasks: a rote task, a systematic-concept 
task, or an unsystematic-concept task. After cri- 
terion performance on the experimental task, S was 
asked to distinguish between stimuli used in the 
experimental task and other similar stimuli, All 
were presented during one session, requiring 60-75 
min. for each S. 


eeking measure. The materials used 
ask included an 11 X 18 in. cardboard, 
divided by lines into a 4 X 4 set of equal size rec- 
tangles. In each rectangle was the letter À, B, D, 
or E. Each letter was used in four rectangles, though 
the form of the letter was not the same in any two 
rectangles; form of the letters differed in case (lower 
or upper) and in print (script or block). These 
letters served as labels for 16 2} X 3 in. cards, on 
Which there was a square, diamond, triangle, or 
circle. The geometrical forms varied from card to 
card in size (with sides of about 13 in. or 3 in.) and 
color (black or white) so that no two cards had 
objects that were exactly the same. The 16 objects 
were assigned to one of the letter labels on the board 
by making the four combinations of object size 
and color dimension correlate perfectly with the 
letters. (e.g., small, white objects were assigned E 
labels). The labels were arranged on the board so 
that when the object cards were placed over their 
appropriate letter labels, the array of cards was not 
ordered on any object dimension or combination of 
dimensions. The arrangement of stimuli and labels 
is shown in Figure 1. 

The S was shown the board with the object 
cards placed over their appropriate letter labels so 
that the labels could not be seen. After a descrip- 
tion of the ways in which the objects and labels 
varied, S was told that the task would be to learn 
which labels went with which objects. He was not 
told that any characteristics of the objects were 
related to any characteristics of the labels. Then Æ 
allowed S to uncover up to four labels to study for 
15-sec. periods. After 20 such study periods, S was 
asked to recall which labels went with which objects. 
No feedback for recall accuracy was given. 

Scoring for this task was based on the pattern 
of study choices during the 20 15-sec. periods, not 
on the basis of recall. It was assumed that if S was 
searching for consistencies, he would select more than 
one object label to study at a time and the objects 


304 (6) h D “RS D / TZENG 
CH AS M. SANDERS AND OV DEL 
30: E 


Stimulus materials for the 


Consistency-seekin 


spe ially dev 
E tendency, 


ised measure of 


selected would be similar to One another on some 
characteristic or cl 


T lerefore, 
study-period selection Pattern w. 


the 
gne from 

. ions arising 

for TOte or Concept orientations ar 

each consistency task. 
as recorded and Ti 


he 
3 chich of EX 
Ne rote task involved remembering = four e 
ving procedure: One point Was numbers 1-12 were Paired with strings he sequen 
tudy of two objects having at least one each String differing from the others by "s Gg b^ 
common, Two Points wore assigned for of capital and small letter Gs (c.g., g E i 
three objects with at least one feature in common, Paired with the | 
T€ given for four objects having at 
least one feature in 


re a e 
rs were er 
number 1). Numbers v 
: randomly to th 
common, ; he points 
for the 20 study periods Was S". 


© letter strings, and A ardet ares 
E Presented simultaneous in nume lowe t ol 
3 was S's score Thus, a high Piece of typing Paper. ‘The .S was E byl min- 

score on this measure indicates consistency seeking, tri periods of 1 min ai study followed E 

Filler tasks, Following the Consistency task, S testing. (16 stimulis 

worked on the rote task and à Concept task, One The concept task involved the use ol ved into ing 

half of the Ss worked on the rote task first, While Separate 3 X 5 cards, which mong stris 
the other half took the concept task first. These Sets of four stimuli each. The stimuli 

tasks were used to control for and evaluate any set ; 


rs 
The lett 
Of the letters N, O, P, and Q. The 


always presented in N-O-P-Q order, but each string 
differed fron 


a all others by the particular sequence 
of uppercase /lowercase forms of the letters. Four 
concept groupings were identifiable by four colors of 
€ 3 X 5 cards used, and were defined by the case 
Combinations of O and Q ( all sequences with a 
“pital O and a small q were grouped t her, and 
all sequences with both O and Q capitalized were 
Erouped together). Stimuli were described for S, 
and he Was instructed that his task was to determine 
grouping. He attempted to learn the 


© basis for 

asis by y n z s : 

asis by selecting, one at a time, instances of the 
or study. 


Sroupings f 
Experimental tasks. The 


Were Sener; 
or di 
th 


stimuli for the 


ited from characteristics of 
among), 


UH. sides) 
Stimuli gen 


tasks 
shape (square 
color (red or blue), size (with 3-in. 
» and position (right or left). Of the 16 
lites crated by combinations of these attri- 
analogous NOT selected. to provide for comparisons 
Tint, ot (o part of Metzger's (1958) second experi- 
&perimene rims eight stimuli were used in all three 
assignment aeons, with d illerence 
the S chining the conditions. 

"ere gro Systematic-concept task, the eight. stimuli 
f "ped together on the randomly chosen basis 
our combinations of color and position 
wees Were randomly assigned number 
Concept i Wo, three, or four). Che unsystematic- 
ask Involved grouping into four groups of 

80 that there were no stimulus dimen- 
tently relevant Across res 
Signed ^ task, each. stimu 


its ow 
bI ^ own ` 
"mi are number (1-8) 


E le E 
Scripti 
Stim Ptior 


in response 


Sio» Stimuli 
n 5 COnsis 
Me rote 


Onse categories, 
lus was randomly as- 


å C < Response labels for 
Presented in Table 1, 


read the 
n of the di 


itha 
Tespo Ue number ¢ 
Se, 


instructions, which included a 


mensions and attributes of the 


f stimuli for cach number label 
cription of the 


aspen ‘S-paced stimulus 
Sakon 1 ation-responding procedures, 
os ut the basis for Assignment of number 
ds patios answering by repeating that 
s. S > learn which number went with each 
adak Eli Were presented one at a time using 
tigers ide Projector, When S said a 
“Cone removed the slide and gave the 
Orrect, that was a " or "No 
ated e W S Was ready for the next 
Sa ni ally. This Procedure 
na aad | the correct response 
succession, 
"ere pre. 


Stimuli 
rod ‘li of the 


Ma sequence that 
* Fesponse label from 


ssion. The eight 


ere pr 
CSented in Que seo 
fifth aR din tive different subsequences: 
zx Subseqy a . S; 
Bain wit " as, stimulus presentation 
tior 


the first e 
he first subsequence Without 
minati, 
S atp inati 
thag tained E After crite 
jy would ne *Xperimenta] t 
ae Wd be Shown some 
t ‘Sti Qe previ as 
Dough timui Thee task and 
NC Slide Ja Ao N 
ad been 


‘= 
F 


rion Performance 
ask, Ss were told 
slides of stimuli 
1 some new, but 
as to say whether 
Presented in the 


they 
pre- 
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TABLE 1 


THE EIGHT STIMULI IN 
ZNPERIMENTAL TASK 


LABELS FOR 
THE 


RESPONSE 


Stimuli» : = 


Experimental tasks 


Rote 
^ See 1 L j 3 
SRdr 1 3 1 
LRdf 2 1 d 
SRdl 2 4 1 
LBsl d 3 2 
1.Bdl : : 
SBsr F 
LBsr 1 2 9 


i are coded as follows: Size S = small and L = 
R = red and B = blue; Shape s = square anc 
1; Position—r = right and 1 = left, 


ceding task and, if so, give the appropriate number 
label for that stimulus. ‘The Ss were told that no 
feedback about correctness would be given during 
this stage of the experiment. 
A total of 24 stimuli were 
tion being paced by S. 
the experimental ta 


resented, the presenta- 
ght of the stimuli were 
stimuli. The 16 additional 
stimuli involved two presentations of cach of the 8 
stimuli not previously presented, but which involved 
variations of the four dimensions used in the experi- 
mental stimuli. The order of presentation of the 24 
stimuli was random. 


RESULTS 


Experimental task differences. First, a 
3 X 2 factorial analysis of trials to criterion 
was computed to determine the effects of 
the three learning task conditions when 
preceded by either a rote or a concept 
filler task. The analysis conducted was 
for unequal cell frequencies and utilized 
unweighted means. The preceding filler 
tasks did not produce a significant differ- 
ence, F (1, 45) < 1, and did not interact 
with the learning tasks, F (2, 45) < 1. 
Thus, there is no evidence that a set was 
developed by the general rote or concept 
nature of preceding tasks to affect differ- 
entially the performance in the learning 
tasks under study. However, as expected, 
there was a significant main effect related 


to the learning tasks, F (2, 45) = 16.35, 
b « .001. . . 
Next, Scheffé’s multiple comparisons 


method was used to determine trials to 
criterion differences between the learning 
task conditions. As predicted, the un- 
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TABLE 2 


Learning task id Trials to Piste: 
criterion | graven 
^ 3 61.8 1.6 
Systematic concept es (40.28) Goy 
; 1 128.9 3. 
Unsystematic concept | 16 36.07) | (121) 
17 75.6 34 
Rote Q9.61) | (1.01) 


a Procedure presented by Elliott (1964). 


; ic- ept task w; 
oe A E either the rote task, F 
Q, 45) = 18.07, p < .001, or the syste- 
bas: task, F (2, 45) = 299), 
b < .001. However, the Prediction that 
allowing Ss to pace themselves would result 
in more rapid learning in the Systematic- 
concept task than in the rote task was not 
supported, F (2, 48) — 1.53, 5 > -10. The 
relevant means and Viations 


as significantly 


ask perform 


ances follow- 
arning 


task conditions, 
Procedure w 
€ previous o, 


as used in this 
nes. The three 
t discrimination 
Scheffé 
tween means sy 
Systematic-conc, 
less well than either the Tote Ss, F (2, 48) 
= 12.3134, P < 05, or the UNSystematic. 
concept Ss, F (2, 45) = 9.1337 
while the two latte 
significantly differ, F (2, 
P» .10. The relevant c 
are presented in Table 2. 
In order to determine 
discrimination Performa 
concept-task Ss was th 


1 .49, < 
multiple compari be- 
i ions, with the 
ept-task Ss iscriminating 


3) = 


ondition Statistics 
Whether the Poorer 
nce of Systematic. 
© result of general- 
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he new 

izing the concepts S d phe. by 
stimuli, each label mistakenly n d with 
e Ss to new stimuli was ae ee 
the label that would have been tà die new 
in generalizing the iy wde sonnet 
stimuli. The obtained 71% bin 25%, an 
with a chance level of poc 001. 
resulted in a t (16) = 4.67, P pru. seek- 

Individual differences in a rela ta 
ing. The hypothesis pans ace learners 
ships of the consistency e imet 
and learning in the different e; m regres- 
tasks was tested by comparing «e measure 
sion of the individual Nap cse 7 o 
on trials to criterion for and task 
regression among the three ir mea- 
conditions. The consistency n1 arning if 
sure did differentially relate to a (2, 
the three learning task srr P. greater 
=6.27, p < .01. As predicted, t the more 
the consistency-secking bg unsystés 
trials were required to learn pe < 01) 
matic-concept task (r = Pes D was 
Also as predicted, consistency be rote tas 
unrelated to performance in th 


esize 
n = x23. However, the hype 5 
relationship between consi eno ema 
and trials to criterion in the Sx sufficient 
concept task did not TOGELVE conditio" 
SUDDOrt; the correlation in ae — 48 wa 
was —.46, while a correlation o rt th 
required fo 


Diese, ienificance 4 
r establishing significa 
-05 level, 


Discussion m typo 
The differences in learning in oe agreemen 
of learning tasks are in ee the nd 
vith Metzger's (1958) results, thori ring d $. 
significant difference between D the on 
Systematic-concept learning ud by Met? g 
site direction from that observe hat obser at 
and was in the same direction vss the prr ort 
Y Smith et al, (1964). Thus, that PE pe 
Study failed to yield evidence 
mance in à syste 


z can, h 
ask it 
matic-concept tas! M 
Significantly 
Tote-task perfi 


son 
facilitated, in Doer 3 
ormance, if more an has 
for the Operation of what Metzg „tudi 
Systematic concept formation. „vious aff n 
aken together, the two we e a 85 
and the present one niim learning pen 
materials and procedures, tha olevan" ing 
of concepts having different i n lear" 
sions is much more difficult tha 


d 
we 
called 


4 
T——— 


<= 
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classify ob; : 
assify objects on the basis of common relevant 


dai or learning to label each object in- 
 vidually, 


Dretation of However, Metzger's (1958) inter- 
atc a of the difficulty of learning unsyste- 
Meteren Dus relied solely „On response 
relation xen Ni present study's positive cor- 
seeking dig ividual difference: in consistency 
Suggests inii to criterion in that condition 
learners at the tendency on the part of some 

to look for interrelationships among 


the 
SCE nf concise T- m ps amo 
actor, of concepts is an additional inhibiting 


The pre: 


Sent study also included a procedure 


learned E particular differences in what is 
Present Neul three types of tasks. The 
Vou] m reasoned (a) that rote learning 
fie za accurate discriminations be- 
natie. conc E- old stimuli, (b) that uns) 
fieantiy js -task learners would not differ 
at those 2 er rote-task learners, and (c) 
ving E peg the set of concepts 
Witerr m evant dimensions would be 
ii on ian the others due to general- 
i 44 *Vant dimensions to the new 
i ee predictions were confirmed, 
u fom Mportant difference in what is 
Ühe g the three tasks. 
tende Present author 


s also predicted that a 
a part of the learner to look for 
Aittormance rages stimuli should facilitate 
t hi it Ber d 1e systematic-concept task, 
$ hic] des ormance in the concept task in 
elated proteszes Were appropriate, and be 

9 rote-task learning. While the 
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latter two predictions were confirmed, con- 
sistency seeking was not quite significantly 
related to performance in the systematic-con- 
cept task, though the correlation value was in 
the appropriate direction. The overall pattern 
of relationships between the learner's con- 
sistency seeking and performance in the three 
tasks provides some basis for considering indi- 
vidual differences in consistency seeking as an 
important variable in concept-learning tasks. 
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NSTRUCT VALIDITY OF RECALL AND i verae 
PENES MEASURES OF AWARENESS 
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Gateways Hospital, Los Angeles, California 


Various types of postconditioning questionna 


measure awareness of the CS-UC: 


conditioning paradi 
more valid and sensitive m 
long recognition questionnaires, 
ditioning was obtained. 
with all postconditioning question 
develop measures of awari 
measures of conditioning. 


When repetitive CS-UCS p 
administered to normal ad 
may occur an awareness 
tingencies as well as the acquisition of a 
classically conditioned response. Contem- 
porary conditioning theorists disagree about 
the role of awareness in human classical con- 
ditioning. Some theorists consider aware- 
ness to be an undesirable contaminant of 
“simple conditioning” (e.g., Razran, 1971; 
Spence, 1966) while others consider it to be 
an important, perhaps essential, factor in 
human conditioning (e.g., Tolman, 1959; 
Woodworth, 1958; and, more recently, 
Kimble, 1971; Maltzman, 1971). A central 
issue on which these theorists are divided 
IS Whether human classical conditioning 


airings are 
ult humans there 
of stimulus con- 
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5 contingency. 

of these questionnaires was tested within the cont 
gm. A short recognition questionnaire y 
i sure of awa 
No evide 
However, due to infe 


naires, it is recommended that future r 
eness which can be obt 


taires have been used previously to 
The construct validity of four 
ext of a masked GSR classical 
s found to be a 
s than short recall, long recall, or 
nce of unaware differential con- 
rential limitations associated 
arch 
ained concurrently with the 


the | 
aware DL | 
can occur when Ss are unaware 


CS-UCS contingency. eis tence | 
One method used to test for the aa 
of unaware classical conditioning. hin ay 
embed the CS—-UCS contingency Mer 
masking tasl; The purpose of the ed | 
task is to prey ent, or at least attenua "t y 
Occurrence of awareness, toes i$ | 
results of studies which have cu a 
method appear inconsistent. Phe an 
reports of both successful and une 
Conditioning in the absence of awa | 
With the masking task technique. . 
Recent reviews (Dawson, ddr t 
& Dawson, in press) have indicate ^ 
the results of masking task studie e 


: a camines 
not so Inconsistent when one exam 


sr awa 
methods used to determine whether che 
ness was 


effectively prevented »- wh? 
Masking tasks, Most investigator’ yed 
found unaware conditioning have ote s 
either a short recall (Lacey & Smt 3) o: 
Wieland, Stein, & Hamilton, 1969) . on 


9; Wils? 
long recall (Fuhrer & Baer, 1969; tioni" 
‘uhrer, & Baer, 1971) postcon ä shor 
questionnaire, In this context, ® "iy 
rec; 


o) 1 
T " ix . ne mi 
call questionnaire consists of o Did 
brief ?pen-ended questions (Bir ive s. 
“Now when you were going to r jonna! 6 
UCS?" 2 E quest! jon 
ar ), and t 


à long recall 
Consists of 


este 
à series of open-ended ape | 
Which become progressively mier ore ^ 
On the other hand, most investEs ^ 
did not find unaware condition! ye wane 1 
"Sed either 4 short recognition i Gring 
1970, Experiment 10; Dawson À 
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1968) or a long recognition (Chatterjee & 
Eriksen, 1960, 1962) postconditioning ques- 
tionnaire. In this context, a short recogni- 
ion questionnaire consists of a multiple- 
choice question from which S is to select 
the correct CS-UCS contingency, and a 
ong Tecognition questionnaire consists of 
yeni the CSs and requiring Sto state 

ether each was associated with the UCS. 
. Aven that recall questionnaires 
Yield results whi 
OL reco, 
able to 
This r 


generally 
! ch are different from those 
gnition questionnaires, it is reason- 
ask which questionnaire is correct. 
Pent tie issue of construct validity. 
is able n va idity refers to how well a test 
in thie _Mheasure a theoretical construct 
Pontingence) " aw areness of the CS-UCS 
valuatine 1 on experimental method of 
Measuring N je construct validity of a 
Situ 8 device is to employ it in various 

te the construct to be mea- 
y vary. 
vice is valid, then 
€ Situation v 


If the measuring 
then its scores will vary 
aries (Cronbach & Meehl, 


The 
n Purpose of the first e 

di St and compare 
four 

Su 


Co 


xperiment was 

the construct validity 

ie od stconditioning questionn t 

Miti awareness within 
oning paradigm. 

8 tested were: 


aire mea- 
à masked classical 
: The four question- 
m we Short recall, long recall, 
Onstrner sition, and long recognition. 
validity Was tested by experi- 
Manipulating the likelihood of 
among three separate groups 
5sessing whether the question- 
1 hers d aa detect the altered 
. first group, contingent— 

» Was Instructed Prior to the 
Session that there might be 
ingency. The secon; 
- thaunstructed 
igm »€ identical 
Stin ut 


E ally 
d Waren ess 


anq 
nj; then a 


a 
cond group, 
(€ N), was ad- 
cat conditioning para- 
ra not instructed about the 
top an purpose of 
d "as to determir f 
I ne whethe 
ai ri i 
hes would detect the altered 
ke ua due to the instruc 
dir à - 
c Sroup, Noncontingent— 
Was noL instructed 
contingency and, 
d the UCS in a 


Structed 


in 
n essen- 
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tially noncontingent manner during the 
"conditioning" session. The purpose of 
the third group was to determine whether 
the questionnaires would detect the absence 
of awareness due to the noncontingent UCS 
presentations. In other words, the use of 
the NN group allows an estimation of the 
"false positive" rates of each questionnaire. 


EXPERIMENT | 
Method 


Subjects. The Ss were 76 paid volunteers solicited 
through employment offices on college campuses in 
the Los Angeles area. The data of 16 Ss were ex- 
cluded for the following reasons: 3 due to UCS 
adaptation, + due to procedural errors, and 9 due to 
inability to correctly report at least 3 of the CSs. 
The remaining 60 Ss were assigned by the method 
of block randomization to three groups of 20 Ss each. 
Minor deviations from randomness occurred in order 
to approximate equal sex ratios among the groups, 
resulting in 11 or 12 females per group. " 

Apparatus and materials. AW Ss were tested indi- 
vidually in a sound-attenuated Industrial Acoustics 
Co. chamber. ‘The same masking task was presented 
to all Ss; it consisted of 30 trials of six tones each. 
The first tone of each trial was either 950, 1,000, or 
1,050 Hz. Each of these three tone frequencies 
occurred equally often in the first ordinal position. 
The last five tones of each trial were 800, 950, 1,000, 
1,050, and 1,200 Hz. Each of the latter tone fre- 
quencies appeared equally often in each of the last 
five ordinal positions. veral seconds following 
each trial, Æ said "report" through an intercom 
system, At that time, S reported which of the last 
five tones (a) the same pitch as the first tone, 
(b) the highest pitch, and (c) the lowest pitch. Since 
the highest pitch (1,200 Hz.) and the lowest pitch 
(800 Hz.) tones served as the CSs, an analysis of 
S's report permitted determination of whether the 
CSs were correctly reported. 

All tones were presented from a tape recorder 
through a loudspeaker. The tone durations of 
5 sec., the intertone intervals ranging 5-13 sec., and 
the intertrial intervals of 20, 30, and 40 sec. were con- 
trolled by Hunter timers during the original taping. 
The UCS was a pulsating de shock originating from 
a Grass S-4 stimulator. The shock was delivered to 
the volar surface of the first and third fingertips of 
S's right hand through 1.7-cm.-diam. circular silver 
electrod The UCS duration of .5 sec. and the 
CS-UCS interval of 1.0 sec. were controlled by 
Hunter timers : 5 

The galvanic skin response (GSR) was obtained 
as a de resistance change recorded with a Grass 
Model-7 polygraph. Beckman silver-silver chloride 
electrodes (1 cm. in diameter) were filled with elec- 
trode paste and placed on the volar surface of the 
first and third fingertips of S’s left hand. A constant 
current of 5 ua. was passed through the electrodes 
so às to not exceed optimal current density. 
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sisted 
Procedure. The experimental procedure consis 
rocedure. 
i i ages: R E 
EI retrait While apply " = 
T lectrodes, Ss were told that t| iep P E 
etapa iment was to determine the e fec o 
of the red tivity" on auditory perception. t 
X DE “hat the GSR was the eee 
evel ar ical activity and that a brief s Tu soe 
ome istered periodically in order to alte Fas 
P. Me A description of the "auditory perceptio 
activity. i i 
aski sk) was given. i : - 
a tie ra of UCS intensity: Shock in- 
s i vas increased in small discrete voltage incre- 
faena undi S reported it to be "uncomfortable bur 
ipic " This voltage served as the UCS 
not pa pe ae voltae 
i nditioning session. . 
EU faitiliarteation : The five tones used in His 
srception task (800, 950, 1,000, 1,050, and 1,200 
n2 were presented once each in cou 


nterbalanced 
og PM instruction: The contingent-in- 
structed (CI) group was then 


instructed. that 
rn to the shocks 
ay not become predict- 
The other two groups, contingent- 
noncontingent-nonin- 
reminded that shock 


. “you may or may not find a pattei 

3 and therefore they may or m, 
able to you. 

noninstructed 


would be presented dur: experiment, 

5. Conditioning: During conditioning, the 800- 
and 1,200-Hz. tones served as CS + and GS — 
(counterbalanced wi 
reinforcement of CS T. 


27, and 29, The 
resistance (transfo; 
ange in conduct: 
-3.5 sec, following 
trials was analyzed for discri ing. 

For the NN group, the UCS was paired with each 
tone equally often during “e In each 
associated 
the end of the condi- 


cen paired with the 
lere was no actual 
» the 800- and 
interbalanced 
for purposes of 


square root of ch, 
occurred 1.0. 


with each tone once, Thus, by 
tioning sessi 


si 
UCS four ti 


1,200-Hz, tones w 
order to serve 
data analy 


6. Postconditio 
following the con 
questionnaires 
not know the Eroup to which 
questionnaires were 
cach experiment. 
questi 
ministered the 
The long 


ning questionn, 


ditioning session, Postcondi 
Were administered 


aires; Immediately 
tioning 
Y an E who did 
ne belonged, 
Presented to each 5, 
al group was admini 


uhrer 
he questions began 
It your experience 
"nme progressively more 
NY connection h 
Following 
Our judges i, 


the tones and ‘the shoe 


cedures of Fuhrer and Baer, f 
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scripts of the 
ently analyzed the content of iad gh midd 
long recall questionnaire. —À " “qualified 
rating of either "unqualifie pe “qualified un- 
aware," “unqualified unaware,” os contingency 
aware." Awareness of the cS J = of “unquali- 
was inferred if there were three ratings if any judge 
fied aware," or four ratings of "aware a 
ified his rating. É ; similar to tha 
ort recall questionnaire was al These 
reported by Lacey and Smith. t but reported 
authors used an "extensive Interview d the correct 
that aware Ss "instantly" eg you know 
CS-UCS contingency when asked, 1" As a close 
when you were going to be shocked dms 7 of the 
approximation to this procedure. som analyzed in 
long recall questionnaire wa arate Y das, “Wore 
the present experiment. Th s GION soing to be 
you ever able to tell whe you were ee awareness 
Shocked? |f so, how?" The criterion ‘all question- 
Was the same as that for the long he answers tO 
naire except that judges rated only the 2 
uestion 7, g : sd 
i. The long recognition questionnaire V 1960, 
that used by Chatterjee and. Eriksen dod 
It consisted of presenting. each of thg select one 
used during conditioning and having - as followe 
of seven Statements about whether cach M was coun 
by shock. The order of tone presentatior s said t? 
terbalanced across Ss, Awareness w Probability 
exist if 5 selected a Statement of Higher pre tones: 
of shock for CS + than for the remaining paterne 
The short recog 


siste 
= consist’ 
after Dawson (1970, Experiment 11) and e 
of two multir 
ug 


+ Dast tones 
“hock usually followed the (a) highest e system 
middle tone, (c) lowest tone, (d) it was 1 multiple 
I couldn't tell.” The sunm 4 
“The degree of si “tly 
answer is (a) Lp n, an 
icertain, (c) fairly uns inferre 
certain.” Awareness wd select 
+ on the first question ertali 
ertain” or “completely cc 
nd question, 


ilar te 
1962). 
tones 


tem- 


"fairly c 
the secor 


Results 


> post 
Questionnaire data. Analysis e ee cd 
conditioning questionnaire data senta 
an interactior 
tion and type 
Was such th 
naires detect 
sented 
while 
more 


of questionnaire. s 
at the recognition shen P 
ed more awareness ei ati 
early than when presen etect® 
the recall questionnaires ed 1 
awareness when marae Mem. 
than When administered ker by a 5 a 
Words, recognition was hindered need 
recall test, while recall was subo enkt 
prior Tecognition test, dear a ) 
and Postman (1948) found the * 


m" ae dabssch. 


L GA 
POSTCONDITIONING ASS 


of interaction effect between recall and 
recognition questionnaires while testing for 
retention of nonsense syllables. 
RS. lieht of this interaction effect, the 
Es Report is limited primarily to the 
E red questionnaire data. This 
Bou imposed because only the 
a enten questionnaire data are free 
Duc ge opea effects of preceding 
Bun mu so, the procedures used to 
early-presented questionnaire 
t losely parallel those used by 
, 8 Investigators in that most used 
* single questionnaire and thus, in 


elect 
ion. Ployed an early-presente 
JN y y-presented ques- 


Tal " 
each xd presents the proportion of Ss in 
E. de three experimental groups who 
S Aerio: as aware with each of the 
Order’ Le conditioning questionnaires. In 
Sensitive, evaluate construct validity, the 
XDetime of each questionnaire to the 
las te Manipulations of awareness 
bility Sted. A series of Fisher ex 
short Re demonstrated 
tended ecall and long recall questionnaires 
and oy 9 discriminate between the NN 
Make ml groups (p = .105) but failed to 
Br eun discrimination between the CN 
Phe short recognition 
im the other hand, clearly 
ae the NN and CN 
She eee and also tended to dis- 
aged tween the CN ar 
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TABLE 1 
PROPORTION OF Ss WHO EXHIBITED AWARI 


Group 


Questionnaire D uos Roe | Noncon- 
Hasan | Contin- | Contine | ngent- 
gent- gent-Non- | Nonin- 


| Instructed | instructed | Sructed 


Short recall 


30 30 | 00 
Long recall 30 O | .00 
Short recognition | — .90 50 00 
Long recognition | .80 .50 20 


| 


Not 


Early-presented questionnaire data only. 


recognition questionnaire detected signifi- 
cantly more awareness among Ss who were 
administered a CS-UCS contingency (i.e., 
the CN and CI groups combined) than did 
either the short recall or long recall ques- 
tionnaires, X? (1) = 4.90, p < .025. This 
greater sensitivity to the presence of aware- 
ness is apparently not due to the false 
positives of the short recognition question- 
naire in that it detected no awareness in the 
NN group. However, the latter conclusion 
must be qualified by the fact that one does 
not know what the false positive rate of the 
short recognition questionnaire would have 
been in a group treated identically to the 
CI group in all ways except for the presence 
of a CS-UCS contingency (ie. an in- 
structed-noncontingent group). 

Conditioning data. Since previous in- 
vestigators have suggested that late acqui- 
sition trials are the most likely indicators of 
unaware conditioning (Fuhrer & Baer, 
1969; Lacey & Smith, 1954), analyses of 
the present conditioning data are confined 
to the last half of the acquisition trials. 
Also, since the direction of results was 
clearly specified in advance (i.e, CS + > 
CS —), one-tailed statistical tests of dis- 
crimination conditioning were employed. 
Unless specified otherwise, classification of 
aware and unaware groups is based solely 
upon the early-presented questionnaire 
data. 

Electrodermal discrimination condition- 
ing was demonstrated for the groups judged 
to be aware with the short recall question- 
naire, / (5) = 2.57, p < .05; the long recall 
questionnaire, ¢ (5) = 2.57, b « .05; the 
short recognition questionnaire, £ (13) = 
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2.21, p < .05; but not with the long rece 
nition questionnaire. There was no evi- 
dence of discrimination conditioning 
unaware groups as defined with any 
four postconditioning questionnaires, 
In order to test whether the 
questionnaire is a determiner of whetl 
or not one concludes that conditioning 
occurred without awareness, the GSR mag- 
nitude was analyzed among 10 Ss (4 from 
the CN group and 6 from th 
were rated unaware by 
questionnaire but were ju 
with the short recog 
The mean GSR mag 
significantly greater to C ‘ 
t (9) = 1.91, p < .05. Thus, there is some 
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conditioning questionn 
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GSR discrimin 
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^ same 
correlations performed _ with de 
groups revealed nonsignificant E awareness 
between quickness of inu Sager CS + 
and the sum of GSR magnitudes . findings 
and CS —. Taken together, cgo pressing 
indicate that the quickness of jifferentia 
awareness is correlated wii d nonrein- 
responsivity to the reinforced an 1 electro- 
forced CSs but not with genera 

dermal responsivity. 
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ministered r ui : . 
ünistered recognition or recall questionnaires 


ea i i 

D» With a larger sample size, we suspect 
2 k : : ; 

E t the long recall questionnaire might be 


EE be more valid than the short recall 
E PE 1 his hypothesis is based on the 
NIS when early-presented and 
fied Safer questionnaire data are com- 
E ong recall measure detected signifi- 
administens Wareness among Ss who were 
Pipi ed CS-l C 5 pairings than did the 
R recall questionnaire, 

Eur et should be emphasized that the 
"rief quest; questionnaire consisted ot two 
WES e Que seiectég from an extended inter- 
tionnaire) qe 7 of the long recall ques- 
replicates um though this procedure essentially 
may be pi ae uH Lacey and Smith (1954), it 
recall ai that the results of the short 
, Suonnaire were biased by the pre- 
interview questions. Therefore, a 
Short p ui antt was conducted in which the 
Within a lor questionnaire was not embedded 
Ms Interview. 


EXPERIMENT [I 
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All Ss 
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Results and Discussion 


Questionnaire data. The interaction be- 
tween order of presentation and type of 
questionnaire found in the first experiment 
was also observed in the second experiment. 
That is, the recognition questionnaire de- 
tected more awareness when presented first 
than when presented second, while the 
recall questionnaire detected more aware- 
ness when administered second than when 
administered first. Therefore, for the 
reasons presented in Experiment ], the 
present analysis is limited primarily to the 
first-presented questionnaire data. 

Of the 30 Ss administered the recall 
questionnaire first, 10 were rated aware. 
On the other hand, of the 30 Ss admin- 
istered the recognition questionnaire first, 
22 were rated aware. This difference was 
highly significant, X? (1) = 8.10, $ < 01. 
These findings confirm those of the first 
experiment that the short recognition ques- 
tionnaire detected more awareness among 
Ss administered CS-UCS pairings than 
did a short recall questionnaire. 

Conditioning data. Discrimination con- 
ditioning of the GSR was demonstrated 
over the last half of the acquisition test 
trials for the group judged aware with the 
short recall questionnaire, £ (9) = 2.50, 
p < .01, and the group rated aware with 
the short. recognition questionnaire, t QU 
= 2,88, p < .01. Discrimination condition- 

not found with either unaware 


ing was 
y . 

Pese were nine 5s who were judged un- 
aware with the short recall questionnaire 
but who were rated aware with the ee, 
recognition questionnaire. The mean X s 
magnitude of these 5s was larger to CS ; 

than CS —, but not significantly, £ (8) 
— 1.04. However, significant discrimina- 
tion conditioning was demonstrated when 
the GSR data of these nine Ss were com- 
bined with those of the four Ss in the € A 
group of the first experiment who — 
a similar questionnaire discrepancy, t ( ! 
= 1.84, p < .05. Thus, again there is some 
evidence that whether or not one Tus 
that unaware discrimination conditione 
à vy depend in part upol 


was demonstrated mz 
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the type of postconditioning questionnaire 
used to measure awareness. 


GENERAL Discussion 


The questionnaire data obtained 
present experiments suggest that a sh 
nition questionnaire is a more valid 
tive measure of awareness th 
long recall, and long 
This conclusion is 


in the 
ort recog- 
and sensi- 
an are short recall, 
recognition questionnaires, 
based on two lines of evi- 
dence: (a) The short recognition questionnaire 
was the most sensitive to the experimental 
manipulations of awareness, and (b) the short 
recognition detected more aw 
administered CS-UCS 


questionnaires. 
supported by the lack of false 
bited by the short recogniti 

in the NN group. How 
rate of an instructed- 
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e most valid 
onnaires tested, In 


Therefore, w 


e Técommend 
searchers w 


ho use Postconditi 


a short 
More pre- 
date their 
atitis used, 


ence of un- 
i Conditioning 
‘aires. The Present 


had been employed, 
present research 
was found 
the short ri 


B discriminati, 
among Ss who we 
ecall questionna; 
with the short recogniti 


the short recognition questj 
been employed, 
inferred that un 
strated among 

The princip, 
when relate 
were: (a) 


ave been 
aware conditioni 
the subs 
al condit 
d to the more vali 
Discriminat; 


results, 
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' at least 
tionnaire, 
ng failed 
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s 
to occur in the unaware group, ana a ‘te 
crimination conditioning did ey istrates 
aware group. The first finding pipe. 
that the mere presentation of CS-UC RR dis- 
is not sufficient to establish human G* all 5s. 
crimination classical conditioning Exc Ys 
Some factor or set of factors in peu 
Physical stimulus contiguity seems nd finding 
for successful conditioning. The second f of, 
is entirely consistent with, but not PS UCS 
the hypothesis that awareness of the -tors for 
contingency is one of the necessary fad imina- 
the establishment of human GSR discrir 
tion conditioning, ionnaires 

However, all postconditioning questior ME. 
ave inferential limitations in determ king 
when the awareness occurred, thus gems 
causal inferences about awareness and soning 
tioning inconclusive, Thatis, nie eS 
questionnaires do not demonstrate that Jiffer 
ness was present during the time when i for 
ential conditioning was exhibited. It a o 
example, possible that the Lec cds o 
conditioning precedes the developme ques- 
awareness and that a praesagia", rela- 
tionnaire Would not detect this tempora ;hich 
tionship, Only a measure of awareness W ning 
occurs concurrently with that of ee a 
can detect the temporal relationship be mea- 
awareness and conditioning. Such a 


{ in our 
Sure of awareness is now being tested 
laboratory, 
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A 10-min. reaction time 

affects rate of RT increase. 
conditions, corre: 
It was found that signal freq 
of RT increase. The RT 
à result contrary 
of this contradicti 


pes of tasks, 
ost important facto 
to the nonsignal events wa. 


When discussing the effec 
quency on vigilance perform 
have reached somewhat di 
sions. Thus, Davies and Ty 
posed an inverted U-sh 
very low and very high f Fequencies produce 
poor performance with an optimum some- 
where in between, and Stroh (1971) con. 
cluded that "performance 9n a vigilance 
task is not significantly influenced by signal 
frequency [p. oe oT qu 


The effec 
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(RT) task w. 
- Twelve Ss 
sponding to interstim 


that habitu, 
Thus, in the RT t 
r, While in the y 
5 more important, 


as used to examine if signal frequency 
participated in four different frequency 
ulus intervals of 4, 8, 12 


, and 16 sec. 
ance and rate 
gnal frequency, 
n explanation 
ation took place to different 
ask, habituation to the 
igilance task, habituation 


revelry 
of vigilance decrement is small. How We 
the trend Over experiments makes it wes 
able that low frequencies favor perforn xo: 
decrement more than high egnene m ca 
If signal frequency has the sug quite 
effect on vigilance decrement it is ency 
Contrary to the effects of signal BM in- 
on increase of reaction time (RT) 1969). 
tense auditory signals, — Lisper ( ;nal$ 
laving Ss react to 90-db. auditory ele ) 
found that 4 high signal i gg 
Signals/ hr) gave an RT increase, ae 
a low signal frequency (12 signals/hr 
a constant RT over a 3-hr. watch. f 
this result, contrary to findings for ir 
lance, is based on data from only tar the 
it needs further confirmation. rh con 
p riment reported here was done 


; imulus fre 
rm this Surprising effect of stim 
quency on RT. 
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ble when they heard an auditory mo "nhe 
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Oltronix RC o; 
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1,000-Hz. tones prada and Po) 
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Fi. 1. 


Changes in mean reaction time over 10 min. for 


the four different signal frequencies. 


qua. at the Joc: - 
Wencios we m for Ss' heads. Four signal 
thea” Vals (Sta) at £^ Iresponding to interstitu- 
die IST meet) of 4, 8, 12, and 16 sec. A 
es sep dor „and 16 sec, A 
Me signal ISIs were rec vx im 
ir k ls arly 
tape atically ae Æ2 sec. The signal Isis were 
Tl rolled by a Tandberg 1200X 
he Ss' RTs ir i-a 
by an ipei ^n RTs were recorded in 1-msec 
ed epartment ^ PS timer, manuf. tured 
Ua, a ot Psyel ^ Uni i 
er, ind Were then Si ANN T a 
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TS RR 
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of cach watch was 10 mit., 
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means for the four frequencies, it can be 
seen that signal frequency affected level of 
RT performance. Thus, the highest fre- 
quency gave the shortest RT and the 
lowest frequency the longest RT, with the 
RT to the two intermediate frequencies in 
between. Figure 1 further shows that RT 
increased most for the highest frequency» 
less for the intermediate frequencies, and 
not at all for the lowest frequency. The 
effect of signal frequency on level of RT 
performance was significant, F G; 33) = 
9.77, p < .001. Furthermore, there was a 
significant linear main effect of time on 
task, F (1, 99) = 9.50, p < .01, and also 
between frequency and 


the interaction 
ks was significant, 


linear trend of time on tas 
F (3, 297) = 4.72, p < .01. 
DISCUSSION 


The results confirmed the effect of signal 
frequency on rate of decrement, inferred from 
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the experiment by Lisper (1969). RV. 
rather certain that signal frequency ni 
rate of RT increase, and in a direction oppos ^ 
E what might be the effect in ke ape d 
critical question in this connection is t uat ie 
signal frequencies used in the mo p^ 
ment were very much greater than $ nese 
typically found in vigilance studies. How ever, 
in the experiment by Lisper the signal fre- 
quencies used were within the range of fre- 
quencies used in vigilance studies (e.g., Broad- 
bent & Gregory, 1965; Jenkins, 1958; Taub & 
Osborne, 1968; York, 1962). 

A comparison with vigilance m 
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: ignal 
and varies little with changes in sig 
frequency. ; in a vigilance task 

It may be that signals in a M habitua- 
function in accordance with two ot ; Thompson 
tion characteristics hypothesized by tation’ of 
and Spencer (1966), viz., : ee in 
another (usually strong) stimulus se (Ga 
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application of the dishabituatory stir ad habi- 
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the order of increasing focusing Strategy was: random < a cdeeres 
ally constrained = and, asa consequence [n 4 ne Ei 
of focusing Strategy, the re instances to solution was pre os 
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increase in instance i 


Mg attributes and no effect of in- 


A recent theoretical 
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solution (Laughlin, in Press). Thi Use of the one verbal ig M 
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MiG. 1. Logical tree diagram defined by a strategy of conservative focusing 
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use of the strategy would lead to an ex- 
pected value of 2.333 instance selections 
to solution over a large number of such 


Selection: e 12 unique paths of instance 
E p: rough the tree, since the three 
and 46 . oncepts 25 and 26, 15 and 16, 
and 56 involve single paths of in- 
Selections with the positive or nega- 
atus of the last instance determining 
Pict ne of each pair is the correct 
Paths a i ia mean of these 12 unique 
Probable e 1 correspond to the 15 equi- 
darq “ypotheses is 2.333, with a stan- 
deviation of 850. 


Vhie 


Thus, a perfect 


Expres, vw. 
XI ECTED VALUES or Four S 


pue. Six, AND ErGHT ATTRIBU 


problems. 

Table 1 presents the means and standard 
deviations corresponding to four strategies 
for four, six, and eight attributes in the 
concept universe. These four strategies 
are: (a) successive scanning, in which each 
hypothesis is tested by a succession of 
alternating instance selections and verbal 
hypotheses; (b) conservative focusing; (e) 
focus gambling from a succession of p 
change selections with correct resolution O 


TABLE 1 


WITH Four, 


FoR Concerr UNIVE 
TRIBUTES, AND A Pos 


No, Of a, Selection strategy 
in os MÀ E 2 
nig - - i . 
j Conservative focusing | Focus gambling 
t vs at * SD | N 
if Pour ( S Bes N M SD NV M E 
Sut (6 zd dies 
! E (13) 3|1800| .748 | 4| 1.500 | .500 | 6| 2.000 | .816 
(28) 4.267 | 2.175 | 12 | 2:333 .850 | 15 | 2.067 .943 
7.259 | 3.902 | 24 | 3,500 | 1.384 | 25 | 3.200 | 1:058 


able two-attri 
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nique outeo, 


Der of d s 

equi 
b pro " F " i 
er Of uni b ibute conjunctive concepts appears in parentheses. 
; paired outcomes, counted only once. x zndistinguithadle 
nging two attributes from the positive focus instance are indistinguishz 


from either suc- 
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ig s information from negative 
B iis dd) a "generalized vega 
vs = "which involves exact selection [n 
ae a specified sets of four instances 
ia ot which change half of the attributes 
"ian the positive focus. This ecd ru 
tended the tactical Strategy een by 
Johnson (1971) and seems Wie | 
original Bruner et al. (1956) simu DUM 
scanning. Finally, the theoretical ana ysis 
proposed that these four strategies us 
points on a continuous dimension of pro à 
lem solving efficiency, which may be called 
focusing since all four Strategies can be 
logically reduced to some type of focusing, 
and conservative focusing is theoretically 
the most efficient. 

The purpose of the foll 
to support this theoretica 
ducing various degrees 
egy by four types of 
first instructional cond 
standard procedure of 
any sequence of inst 
may be termed une 
were no limitations 
of allowable selecti 
initially constrained, 
tions required S to 
tribute from 
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owing Study was 
il analysis by in- 
ofa focusing strat- 
instructions. The 
ition followed the 
allowing § to choose 
ances he desired, ; 


onstrained since there 


change one (only) at- 
the known initial positive 
focus on each selection, It was Predicted 
that this induction of a conservative focus- 
ing Strategy would result in more use of 
focusing, and Consequently in fewer in- 
stances to solution, than the unconstrained 
condition, Moreover, 

Byers, Davidson, r 
that Ss who were j 
Servative 

than 


number of inst; 
usual unconstrained 
was reported by hoth 
(1967) and Laughlin 
Research on me 
tual behavior (e.g., 
Montgomery, 1969; B 
Link, 1964; Hunt, 1961) h 
Ss make progressively 


selection 
Laughlin f 


that 


less use of Previous 
information with Increasing intervening in- 
stances, Consequently, the 


Strategy of 
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EET ESEA S gt 
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itive focus may 
focusing from the initial A nde 
be decreasingly effective wi ees con- 
instances. Thus, in a third, — required 
strained, condition the quee e from the 
S to change one (only) -——1 It 
Previous instance on Bed in under this 
Was predicted that performanc esol A 
condition (which corresponds to 1967, and 
Systems for focusing of Byers, » focusing 
Johnson, 1971, which compute than the 
relative to the previous rather r to that 
initial instance) would be pancis but 
under the eee iatontned sedili M 
equal to that under the initially us rules or 
Condition, because the scoring n on cae 
focusing credited new qose e not. 
instance. that changed one attri a 
Previously proven irrelevant. -ocedure 18 
The essence of a selection pross of in- 
that S chooses whatever Sequence eta 
Stances he desires, The ST cn fast 
resulting performance should t erforman 
Compared against a baseline of p But 
froma random sequence of Ea eric 
if E Preprograms this manaon i para 
the procedure becomes a rec deni 
digm by definition, and the Che informa” 
Performance will depend upon e Ioweve 
tion in the resulting sequence. ol condi- 
the appropriate baseline or ponin random 
tion May be accomplished by $ himse 
Selection Procedure in which ndom pre" 
Selects the instances but by a ee selec 
cedure, Thus, in à fourth, rando ce 
tion, Condition 5 


sach insta" 
generated ea 


valu 
1 ine the V? , 
y throwing dice to casera, y tha’ 
Or each attribute. It was pred ra 
there 


Would be 
egy, and consec 
Solution 
th 


+ a Stt 

more use of ern ^ E 
juently fewer ane ndi jon? 
rin all three of the other co 
an in this random baseline. | 
n Summary, the predictec con 
Ocusing Strategy for the four 
was: initial] 
Strained > 
result of th 
the 
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reverse the 
to solution was predicted for jon 
conditions, " interact nd 
Second, 45 à test of a possible Jition (ort 
tween the four instruction cond sč “i 
task difficulty, i 


an 


die 
the concept. uni 


: ir, 
orthogonally varied by both fot 
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ion attributes, and two, three, and 
M s e per attribute. With a positive 
one the number of possible 
Mibe ef aS determined entirely by the 
Biker of attributes, irrespective of the 
1 X values per attribute (Miller, 
inter Sibnsequestiy, a main effect of 
eating beni ordre was predicted, indi- 
With - Casing instances to solution 

asıng attributes, while no effect 


the n 
© number of values per attribute was 
Predicted, ues per attribute was 


METHOD 


Desi 
Sten and subjec ep 3 
4 nd subjects. The experimental design was 


on the las 3 X3 factorial with repeated measures 

ast variable, The variables were: (a) in- 

Viously von constrained, initially constrained, pre- 

attri Ure FAT, or andom); (b) number of 

Jer Attribute n or eight); (c) number of values 

five Prol lera ewo, three, or four); and (d) succes 

En s Serie of the same type for each 5). 

Oth sex. n RU OGHStoY psychology students 

hg E a A niversity of Illinois who w 

re Fandom ee part ipation. All 
€ Fore, hive pears assigned to conditions. 

| i S Wore s instructions. The concept in- 

her's (og we by a variation of Hutten- 
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ws of four, or eight 10.16 X 15.24 
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* Cards, ~ 
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ify numbers 14 
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"ero 5 1 the condition, there were two, 
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or red row, £ 
Was à positive 
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each ing iti 
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row. This cycle of instance generation, feedback 
on the instance, one (only) hypothesis, and feedback 
on the hypothesis continued until S verbalized the 
correct hypothesis, which was the criterion of suc- 
cessful conceptual performance. 

The problems were conjunctive concepts with two 
relevant attributes (e.g. “two minus and three 
circle"). Four sets of three problems each were 
randomly selected within cach of the nine attribute- 
value conditions, and the initial instances (green 
rows) were randomly selected from the subset of 
possible positive instances for each concept. The 
instructions thoroughly explained with an example 
the nature of the task and the conjunctive rule, and 
explained the procedure indicated above. ln the 
unconstrained conditions no restrictions were placed 
on the instances that could be generated in the red 
rows. |n the initially constrained conditions the 
instructions stipulated that each generated instance 
must y in only one attribute from the initial 
positive instance, and in the previously constrained 
conditions that each generated instance must vary 
in only one attribute from the previous instance. 
(There was no explicit requirement that suce ive 
instances must necessarily change new attributes.) 
In the random conditions S threw a die to determine 


the value of each attribute on each instance. For 
example, in the three-value concept univer: 2 one 
or two on the die indicated a value of plus on the 


attribute, a three or four a value of minus, and a 
five or six a value of zero. 


RESULTS 


Focusing strategy. Focusing strategy Was 
scored according to two rules. Rule 1: 
Each instance had to obtain information 
on a new attribute. Rule 2: The hypothe- 
sis had to be tenable. New information 
was obtained if the instance altered only 
one attribute not previously proven irrele- 
vant (conservative focusing), or, if the in- 
stance altered more than one attribute 
(focus gambling) it was positive or the 
ambiguous information on a negative in- 
stance was correctly resolved on the next 
instance by altering only one attribute. 
With the conjunctive rule and two relevant 
attributes there were two types of unten- 
able hypotheses: (a) Both values of ie 
hypothesis appeared on a previous ipee 
instance, (b) either of the other values o! 
either attribute of the hypothesis appeared 
on a previous positive instance fog. the kr 
pothesis “two plus and three square" would 
be untenable if either a two-minus-or ‘ircle- 
or three-plus-or-minus-or-circle 
been positive). The total 


or-square 
instance had 
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TABLE 2 


MEAN FOCUSING STRATEGY FOR TOTALS OVER 
iig THREE PROBLEMS 


Condition 

Attributes | Values tere CBE Rai 
strained strained aid dom 
Four Two | 46 1.83 1.97 .58 
Three 1.63 2.19 1.67 19 
Four Tid 1.91 1.88 | 48 
Six Two 1.58 1.99 2.18 -64 
Three .80 1.75 236 | 41 
Four 1.39 2.05 190 | 31 
Eight Two 1.73 2.51 1.62 | 88 
ee tees ne | 192 | 26 | Se 
Four .89 2.33 236 | 29 

I I 

Note. Maximum possib] 


le focusing strategy ig 1.00 on cach 
problem, hence 3.00 l 


for totals over three problems, 


number of instances on 
obtain a continuous focusi 
0.00 to 1.00 on 
focusing 
problems 
The instructions was 
08 57.35, 
total vari- 
sing was random 
(M = 1.18), ini- 
)5), and previ- 
M = 2.05), Jy New- 
comparisons the 
of the unconstrai 


1); an no dif. 

_ between Mitially ang Previously 
constrained Conditions, Thu 
of focusing four con 


exactly as Predicted, 
Neither the mai 
the main effec 


attributes nor 
(2, 108) = 1.73 


Significant, F 


(2, 10 


. 7 E » Tespec- 
tively. None of the interactions between 
instructions, attributes, and values Were 
significant. 


The main effect of suce 


Mae x essive Problems 
Was significant, F (2, 216) = 5, p < 
O01. Trend analysis indicated 


* Significant 
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» three 
linear increase in focusing Mm e po 
problems, Fin (1, 216) — BL ‘dicated 
and Newman-Keuls comparisons E Prob-| 
more focusing on Problem 2 qub 10) to 
lem 1 (p < 01) with a trend (p d The 
further improvement on Problem on was 
Problems x Instructions | interacti < .05. 
significant, / (6, 216) = pes Lus for 
The simple main effects of P f 
levels of instructions indicated "€ of the 
improvement over problems for a, ; con- 
unconstrained (b < .001), argum con- 
strained (p < .001), and dme ia as 
Strained (p < .05) instructions, difference 
would be expected, there was no condition 
between Problems for the random co Means 

Number of instances to solution. tion 
for number. of instances to solu give 
totals over the three problems a was 
in Table 3. The effect of €: .001- | 
Significant, F (3, 108) = 10.49, Am prev 
The order of increasing instances W initially 
ously constrained 


(M = 11.08), strain’ 
Constrained (M = 11.67), uncon 8.8 
(Al = 16,83) 


= 18 

; and random (M = were | 

By Newm chan 
more inst; ially l 
each of y yT 
Constrained 
Constrained 


- AUS 
TABLE 3 og Ole 

INSTANCES TO SoLUTION F A 

OVER THREE PROB: 


N UMBER op 


D) 
Attributes tabulis pand” 
Uncon- | Initially 
strained | EOR a 
Far pete pee oe | 
Pour Two 13.00 | 10.25 9.50 
Three 7.25 6.50 14.23 
a Four | 13.75 9.75 23-17 
Six Two | 14.50 | 1123 23.12 
Three 19.75 | 13.25 20-29 
Eig] "our 18.50 1439 2500 
“ght | Two 18.75 fs 5 2H 
Three | 23°73 Le 
Four 22.25 
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oe at stati to solution for the four 
imm oe ce was exactly as pre- 
and biter Les degree of focusing predicted 
TI ained for the four conditions. 
Eine eot of nber of attributes was 
indicating G, 108) = 1467, $ s 001, 
Six attrib TES instances to solution for 
More ea, thane four P s .001), and 
The ef ght attributes than six (p < .01). 
?, 108) < 1, 
eee instruc 
Ti Significant 
: le effec 
Tst a 
rend 


Ccrea, 
Ul 


None of the interactions 
tions, attributes, and values 
t of successive problems was 
nificant, F (2, 216) = 2.99, p < .05. 
analys s indicated a significant linear 
n se Instances to solution over the 
“5, and rea Fus (1, 216) = Bb. doe 
icated Ls man-Keuls comparisons in- 

be O01), instances on Problem 3 than 
Probleme 12" with no differences between 
i land 2, or 2and 3. None of the 


teragak: 
ig, A Clons wi i 
Significant with successive problems were 


Orrelati, 
$ lions 
elven uS response measures. 


Number ons between focusing strategy and 
4 Problen stances to solution over the 
ionat E within each of the 12 instruc- 
the € mute conditions (summing over 
Siven in nificant levels of values) are 

oie oe > As indicated in Table 4, 
cant. the 12 correlations was sig- 
tac] at the .05 level or better. Within 


between 


t the ins i i 
e Peri instruction conditions, the 
an, 3 elati ^oefficie i 
B err : on coefficients (for four, six, 
lues a m but were converted to 
> an n cl z 
© three mean s values computed for 


attribute conditions, Mean z’ 


TABLE 4 


fect of values was not significant, / 
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values were then compared for the four 
instruction conditions. There were higher 
correlations between focusing and instances 
to solution for both initially constrained, 
s (105) = 2.86, p < .01, and previously 
constrained conditions, s (105) = 4.02, p 
<.01, than for the random baseline. There 
was also a higher correlation for previously 
constrained than unconstrained conditions, 
s (105) = 2.54, p < .01, but no difference 
between initially constrained and previ- 
ously constrained conditions, s (105) = 
1.17. These analyses thus gave further 
support to the effectiveness of the initially 
constrained and previously constrained in- 
structions in inducing focusing strategy and 
consequently in reducing the number of in- 
stances to solution. 


Discussion 


The major finding was the pronounced effect 
of the four instruction conditions on the use of 
focusing strategy. The highly significant dif- 
ference between the random baseline and the 
unconstrained condition indicates that college 
students will employ the theoretically maxi- 
mally efficient strategy of focusing much more 
than would be expected by chance. The 
significant differences between both the initi- 
ally constrained and unconstrained, and pre- 
viously constrained and unconstrained condi- 
tions, indicate that further increases in the use 
of focusing strategy may be induced both by 
instructions to vary one attibute from the 
initial positive focus instance and by instruc- 
tions to vary one attribute from the previous 
instance, on each selection. Moreover, these 
two instructional conditions resulted in iden- 
tical use of focusing, indicating that the 
strategy can proceed equally well from the 
initial instance or the immediately previous 
instance. This would suggest that scoring 
systems which determine focusing relative to 
the initial positive focus instance (Laughlin, 
1968), and those which determine focusing 
relative to the immediately previous instance 
(Byers, 1967; Johnson, 1971), will give sonar 
parable results ‘as long as, in the present study, 
focusing is credited on each instance that 
gains information on a new attribute(s) not 
previously proven irrelevant. 

The order of the number of instances | 
solution corresponded exactly to the predic- 
tions from the amount of focusing predicted in 
each condition. Consequently, it may be 


es to 
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s " ncept attain- 
argued that the eie be | e 
PT perfartiancs as e corresponds directly to 
of instances to e uon strategy of focusing is 
the degree to which : Hd the problem. This 
used in the RE supported by the 
c Sube ve correlations between focus- 
mer Mp penale to solution in 11 of 
je e TEREA TA 
Bruner et al. (1956) originally PEO ROSELLE 
other selection strategies in addition e i 
servative focusing: focus gambling, ums 
scanning, and simultaneous Boone: one 
of these strategies were employed by at red 
half of the Ss in the unconstrained condition 
and were empirically more efficient than con- 
servative focusing as induced in the initially 
constrained and previously constrained con- 
ditions, the number of instances to solution 
should have been greater in these two condi- 
tions than in the unconstrained condition, 
Thus, the results extend the theoretical analysis 
of Laughlin (in press) that focusing is the most 
efficient strategy to an empirical demonstration 
of the psy chological effectiveness of 
strategy. Moreover, since Conserva 
ing makes fewer demar 
memory than the other Strategies, the results 
support the interesting conclusion that the 
theoretically maximally efficient Strategy is also 
psychologically maximally efficient, Finally, 
since these three other Strategies may logically 
be demonstrated to reduce to varying degrees 
of focusing strategy, it may be argued that the 
scoring rules for focusing Strategy in this and 
previous research (e.g., Laughlin, 1968) define 
à continuous dimension of problem 
efficiency, which may be called focusing 
than a dichotomous strategy 
scanning, 
As predicted, the 
the number of inst, 


the 
itive focus- 
nds on inference and 


solving 
» rather 
In opposition to 
T€ was a linear increg 


‘ase in 
ances to solution with in. 
creasing attributes in the conce 


Pt universe, 
This result corresponds to the d 
of Miller (1971) that the 
hypotheses with a positiv. 
function of the number of 
formalized in Table 
tree diagra 


was no effect of n 
use of focusing Strategy, 
strategy was used w 
the three attribute Conditions. As Predicted 
there was no effect of the number of values per 
attribute. Since the Problems began with a 
positive focus instance, the number of possible 
hypotheses was determined solely by the 


f attril n the 
indicating that the 


flectiveness for 
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tive of thelt 
number of attributes, dac j| 
number of values per attribute a $ docs not | 
Since the typical reception otis AE the 
begin with such a positive un ins the usua 
number of possible hypotheses ET of the 
reception study is a joint end of values 
number of attributes and the num dies with à 
per attribute, and at least two da deceda in 
reception paradigm have aee sm per attri- 
performance with increasing va a ors tree ti 
bute (Battig & Bourne, 1961; "i sno intel 
Dunham, 1969), Finally, there A tees and 
actions between the number of attri iv of t 
the number of values. A previous Serformanté 
effects of induced motivation on pe rcGratlh 
(Laughlin, Chenoweth, Farrell, alls between 
1972), also found no interaction -respone 
attributes and valuesina condition Bel a detri 
ing to the present study, but did fin MS 
mental effect of the induced buie. Mr 
videotaping the experimental B Thus) 
most complex attribute-value conditi sistent 1" 
the results of the two studies are ee wi 
the conclusion that attributes and va 


1 of induce 
4 vel 0 
interact only under a high leve 
Motivation, 


e c 
——— 


sed 4 

; used 
R study U e. 
Methodologically, the present s jur 
n 


~ed 
variation of the Huttenlocher (1962) Pn a 
in which § generated each successiv ite, rat 
by choosing the value of each attribe selecti? 
than the classic Bruner et al. (1956) eai H 
Procedure, in which S chose each ;ble simu" 
instance from an array of all D tle both PT 
taneously present instances. Whi = uenc É 
cedures involve control over the E iu by Ds 
Successive instances by S rather ne exe 
they entail obvious differences. For € 


ctt 
à + st ace. "uu 
In the Seneration paradigm S mu las 
construct 


cla 
ile in the C lag 

"ach instance, while in preex! r 
selection paradigm he "ier: id se ect 
Instances, Conversely, the class 


paradigm involves the neces: Sade ay: 
particular instance in the total eaten MW 
increases in difficulty as a joint agn cond 
number of attributes and values in i was M 
Universe, The generation prpceau r the Caer 
in the Present study in order to po E “a be 
Plexity of the concept universe P woulo 
variety of attributes and values tha „roced die 
feasible With the classic selegtioti Pa ser ol 
Where the number of instances is €d 5 
number of values to the power of oe 
attributes, For example, ane ulc 
three-value concept universe WO usly E at { 
quired an array of 729 simultaneo aight “0 
instances, and the most complex ^" 


an ee 
Jute four-value 
65,536. 


ating 
f locatii 


HORS 
ECCE Du 
co 

a 

V Au -——— om ss ÉL 


concept i dai 
While the generation p 
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allows the study of a far wider range of com- 
plexity in the concept universe, the direct com- 
ded of the two procedures is necessary to 
etermine whether or not they result in 


co : es 
i mparable principles of human conceptual 
behavior, 
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This report provides furthe: 
action in STM whose form is in accord 
hypothesis of Underwood and Postman 
for discrepancies among ^ 

empirical support for th 
further consideration oj 
from intralist vs, extralist sources, 


The unit-sequence interfere 
sis predicts that Sequences of high-frequency 
(HF) words should be forgotten faster than 
equivalent sequences of low-frequency (LF) 
words, because of opportuni 
competition that increase 
quency (Underwood & Postman, 1960). 
Evidence for such effects in short-term 
memory (STM) comes from a Study in. 
volving rds (Turnage, 

olving recall of 


Ostman, Turnage, 
Urnage & MeCul- 


nee hypothe- 


multiple-word lists (e.g. Pi 
& Silverstein, 1964; i 
lough, 1968). 
Empirical issues. 
Baddeley and Scott (1971) foun 
dence for unit-sequence 
terms of an expected 
interaction, 


In four STM Studies, 


d little evi- 
interference 
Frequency X Ti 


st 

ge (1967). 
tt note, their 
I did show Some evidence 
interaction, while Experiments 
have Particular method 
SO, their 


Experiment 
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Problems. Even 
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e unit-s 


with th 


ec 
for the interference Mpeg 
sis. Unlike the other three, this a and à 
volved a 2-30 Sec. retention interval study? 
large number of Ss, as did Turnage " find à 
Still Baddeley and Scott failed yes 
reliable Frequency X Time interact preta- 
Unfortunately, for clarity of je fre- 
tion, intralist associations and eee o 
quency may have covaried in all experi- 
their studies, especially since Um d from 
mental words were randomly selecte Some 
à Word-count list (see Deese, be de may 
of these (preexperimental) eme e gheis 
Provide unit-sequence interference. n. The 
May provide pi sang n 
valance of transfer effects would associt 
on the Congruence of the intralist ni Dd 
tions with the experimentally, pre it- 


¿s un 
ones, but the interplay often masks 61 
Sequence interference (Postman, ns à 
lowever, When intralist associatio 
minima], 
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Vary dj 

is | 


troublesome 


B squency: jst 
rectly with word frequen "intralis? 
O0USe: any facilitation from 
association 
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Cullough, 1968). Therefore, the fi est th 
Pose of th 
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‘re minimal across pd (hos: 
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" Methodological issues. Turnage (1967) 
ey Presented a to-be-recalled 
oo p E ) and a three-digit number 
BE UNA eh Ss counted to prevent rehearsal. 
a ia and Scott (1971) raise the follow- 
jin NUS to this method. First, ume 
kä Es x en le and number might 
Es Lia s in more information from 
E e owes Vs. an HE word before moving 
ratte af an Second, this might in- 
interact; ^ bi + ie F tenue OX l'ime 
Dunt um Sume by l'urnage. l'heir first 
better lent that LF words might be 
terms of Rene than HF words. Yet, in 
the eee ites from a ?-sec. recall test, 
Saba marg A tru Ia the l'urnage study. 
their second Experiment D investigated 
Single worq ety oy He eta l'urnage's 
B M ue y, with the following im- 
Modifications in design. The to- 


Port 
e-rec; N 
alled word was presented alone for 


Sec,» 
Presented, - three-digit number was 
Presentation i or 1 sec. This successive 
Sharing tee = ee for the time- 

‘ime ferae. x n ET ee 
eed Loe practical y identical to 

S6. by Turnage. In both studies, 
Pee Sie recalled better than 
mM. di at a 2-sec. test, but the re- 
Althoug] at a 30-sec. test. 
from sine Potential artifacts deriving 
Seem ty rein presentation. did not 
le jc e the interaction noted in 
Problems Ros (1967) study, time-sharing 
pà dey eo have contributed to the 
ao 25 ein : cott. (1971) failures to find 
X heir Studies (horn teraction in two 

. simie I eriments I and IN J: 
s Used, and a presentation of lists 
rs their e procedure could have 


-Se agai 3 "E 
are Sequence against demonstrating 


me, tious i interference effects. If Ss 
E Oving tih Api ing an LF word before 
e th X 
Boo. e next r E. Elea: 
Lp Poor Processing (I esponse, there could 
ems with Es (learning) of terminal 
3 im € a i 
liste hence, ano’ ultaneous presentation 
to There ie better recall of HF 
LG. a cepa 
expering, * second purpose of the 
ce Deae. was to investigate in- 
than sin by using successive, 
s experi eous, presentation of 
Feliz, . Mental lists, 


ISsues, Baddeley and Scott 


(1971) find Turnage's (1967) single-word 
study inappropriate because this focuses 
on item availability while the unit-sequence 
interference hypothesis focuses on disrup- 
tion of serial associations between items. 
In addition, they note that multiple-word 
studies showing an inverse relation between 
running memory span and word frequency 
(e.g., Postman et al., 1964) may not reflect 
unit-sequence interference, but may merely 
reflect an increased load for order informa- 
tion with respect to HF words since ab- 
solutely more of these are recalled. Turn- 
age (1970) has expressed related concerns. 
Baddeley and Scott used three-item to five- 
item lists, apparently assuming that short 
lists reduce such problems of differential 
availability across the frequency dimen- 
sion. Therefore, the third purpose of the 
present study was to investigate unit- 
sequence interference effects using very 
short HF vs. LF lists (triads). 


M 


Materials. The basic experimental materials con- 
sisted of a pool of two-syllable nouns varying in 
frequency of occurrence in the written language 
(HF vs. LF). For the HF nouns, the number of 
occurrences in the Thorndike-Lorge L count ranged 
between 902 and 3,993, while for the LF nouns the 
number ranged between 1 and 3. 

Twenty word triads were constructed from the set 
of HF nouns so as to be high in intratriad assoc! 
tions (HF-H). Each word inan HF-H triad was a 
high-probability association to at least one other 
item in that triad. The words involved were drawn 
from various sources (c. Battig & Montague, 
1969; Palermo & Jenkins, 1964; Turnage, 1967). 
Following this, 20 HF triads were constructed so as 
to be oz in intratriad associations (HF-L). F inally, 
20 LF triads were constructed which were also low 
in intratriad associations (LF-L). For both HF-L 
and LF-L tria each word in the triad rarely 
called out other words in the triad as hene 
according to norms. The HF-L. and Li -L ds 
came from word pools used by Turr ze (1967). 
H, HF-L, and I _ triads were, re- 

E BUSINESS-COLOR- 
NZA (sce Saba, 1972, 


"HOD 


, 


REASON 
for additional deta Is). . 

Design. For each type of triad, the 
divided into five subsets of four triads each 
division was unsystematic with the restriction. that 
across triads within a subset there were no inter- 
ations, there was no duplication of words, 
and there was low commonality with respect to 
meaning and sound of items. Each subset of triads 
was then arranged into a 4 X 4 Latin square. Then, 
atin square for triads was superimposed on 


et of 20 was 
each. This 


triad associ 
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MEAN PERCENTAGE CORRECT 
n 


15 
TIME (sees) 


30 


FiG. 1. Mean percentage correct as à function of 
triad type and time (averaged Over four tests), 
(HF = high-frequency word ; LF = low-frequency 
word; H high in intratriad associations; and 
L — low in intratriad association 


s.) 


4 X 4 Latin Squares for the retention intervals 2; 


5, 15, and 30 Sec.). This gave five different. Graeco. 
Latin squares for each type of triad (HF-H, HF.L, 
and LF-L). Each TOW of the Graeco-Latin squ 
designated the type of triad to be recalled 
order of testing 

for a given group of Ss, 
different ret 


ares 


three-digit numb 
riad by a tabl, 


the retention į 

nterbalancing 
the blocking of Ss for 
each block 


ata analys 
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there aPpeared one S whose first recall 
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"his locking 
effects of repe; 
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type w; 
se 
S (bloc 
The Ss were zned 
mental conditions 4 
laboratory, with 
groups of Ss were tested wi 
triads. The design Was quite c 
age’s (1967); however, the fol 
should be noted: 
single words, 
individual 
Scott (1971) 


hose Second. test 
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€call interval, 
As Used) t5 ar 


ated testing (0-3 Prior tes s 
retention į 


€ time, 
ithin. 


y, followed b " 
as Constrasted to simultaneous we 
sentation, (d) stricter criteria wer, 
trol for rehearsal, 
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and 
as c asted to oral and unpaced, an 

and paced, as contraste icon i i 
(f) instructions to Ss were taipe- ins melati was 
Procedure. Presentation of Stimi 1 ee a rear-view 
Serial and at a. 1-sec. rate by pal a trial was ES 
Screen. The sequence of events ee a c 
follows: E rang a bell which dito godal the 
signal. This was followed by fhe » triad, and the 
triad, then by the next word eis ah word appear 
by the last word of the triad. E ers three-digit 
for 1 sec., and Ss read silently. = gre it dong 
number appeared for 1 sec. and 3 te by 3s b. 
and began writing their backwarc ` paced by é 
the duration of the retention nin fi 5 beats sec) 
metronome preset at 72 beats, Dun. vara]. They 
The screen was blank during this pesi just oe 
a buzzer signaled S to write the w "Then, 15 Ls 
Sented in their correct serial order. 1 of that e 
later, a bell sounded indicating the a page of s. 
M this signal, ss turned to the m then followe : 
booklet. A 10-sec, intertrial interva "mE they 
d arefully monitored E counting 
ing instructions during Saal werd 
In addition, two criteria findication either 
adopted, The first involved any ind aah posttest 
through direct observation or thre d. The ii 4 
inquiry tha, Ss deliberately y ge produced n 
ond involved a check to see if Ss ha the retenti? 
“reasonable” number of counts damy Ss indicat 4 
interval, ^ prior study involving sa saints DN 
that the mean number of backward c edit 
that could | ] n 
number yw; tbout 29 counts/min, wi utott poi Uu 
26-34, On the b s of these data, aoe requir 
Were established as follows. The oe TIE /5 sei 
to give at least 1 count/2 sec; 2 «ou Those re 
Counts/15 sec; and 10 counts/30_ v" trial W 
ailing to Meet the above criteria in à m 
dropped from the study. ss used. was "but 

Subjects. The total number of Ss »eriment 
An Additional 32 5s took part in the "ima failure a 
Various reasons ang 
rarsal criteria or failure mm: nad fer 
There Were approximately as E 
ales in the experiment. i 
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Were follow; 
task, 
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triad for the fina 
locks Was then | 
error, 


all 
a eCe 
rjal ri x^ 
js serik > CF 
Serial recall. Figure 1 — time ect 
as a function of triad type eon co On 
Pressed in terms of mean percer the dal’ 
to facilitate comparisons with „pvit 
CS Stine for her 5^ 
* Thanks are due to Patricia Stine 
here. 
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l'urnage (1967) and of Baddeley and Scott 
(1971). j 

An analysis of variance performed on 
Correct serial recall, items correctly spelled 
that te correct serial position, indicated 
w ne riad Type X Time interaction 
yas reliable, F (6, 36) = 2.66, p < .05. 
peer, this interaction for only HF-L and 
S57 triads was also reliable, F (3, 36) = 
ens = This Frequency X Time 
the a ai HF-L and LF-L triads is of 
t E E as that found by l'urnage 
E IF vs, LE words and is con- 
interfere, i the hypothesis of unit-sequence 
HRL sited n STM. That is, although 
triads ads were better learned than LF-L 
they \ 
inve : 
E relationship between original learn- 
qe final recall levels permits this con- 
rning differences in forgetting 


E ven though degree of learning was 
fe (Underwood, 1964). 
ire 1 also indicates that when HE-H 


- triads are compared, the general 
tain, SS f Baddeley and Scott (1971) ob- 
Eie, at is, there appears to be little 
inue ee mol forgetting as a function 
P hese or 1 his is contrary to the hy- 
"V Unit-sequence. interference in 
OWever, this outcome could be 


zi d 
* confounding of frequency and 


A E in 
Od, 1¢ 
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have 4). Both these factors may also 
lure 63 € Baddeley-Scott 
of ions Ind support for interference pre- 
f Hegi vs. rp Ponidingly, ina comparison 
: à; PL triads, the unit-sequence 
S fo 'Pothesis would see 
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ali S because of mor i 
b J " : e pote i 
Ows „ COnpetition. ir 


le; Ene Strong, dir However, Figure 1 
n "ning ta > direct relationship between 
s ambigue levels for these triads. 
lous conclus; i 
ar, uens. : us conc lusions concerning 
.. tralist associations on 
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m to pre- 
order for 


Sts, the main effect of 
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p «.001. There were no reliable interac- 
tions involving number of prior tests, triad 
type, and time as common components (all 
Fs < 1.40). However, important differ- 
ences in degree of original learning may 
have influenced these particular results. 
As expected, time was a reliable source of 
variance, F (3, 36) = 6.65, p < .005. How- 
ever, the general rate of forgetting indicated 
for our triads appeared to be slower than 
that found by Baddeley and Scott (1971, 
Experiment 1) for their triads. This is 
probably due to the longer study time used 
here, but it may reflect differences in ex- 
perimental materials across studies. 
Repeated testing. Number of prior tests 
was a reliable main effect, F (3, 36) = 8.23, 
b «.001. The correct recall means for 
Tests 1-4, respectively, were 3.27, 2.90, 
2.89, and 2.78. This systematic decline in 
recall level suggests that interference effects 
from prior testing were not complete by 
the second test (see Turnage, 1967). How- 
ever, there was no evidence that the gen- 
eral form of the Triad Type X Time inter- 
action shown in Figure 1 was due, pri- 
marily, to repeated testing effects. Table 
1, which shows mean percentage correct on 
the first test, gives more evidence on this 
point. Note here that the trend for HF-L 
triads fails to indicate that, when interfer- 
ence from prior testing is precluded, all 
forgetting curves reach an asymptote in 
about 5 sec. (see Baddeley & Scott, 1971). 
Serial position. As expected, the main 
elfect of serial position was reliable, / 
(2, 24) = 11.48, p < .001. The means for 
Positions 1-3, respectively, were 3.08, 2.80, 
and 3.00. Thus, the usual primacy-recency 
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curve for serial learning obtained. 
ever, since there were no reliable interac- 
tions involving serial position as a compo- 
nent (all Fs < 1.31), there was no direct 
evidence that time-sharing 
respect to serial position influenced the 
form of the Frequency X Time interac- 
tions found by Baddeley and Scott (1971). 

Word availability. Recall Without regard 
to correct serial position (lenient Scoring) 
was analyzed as a measure of word availa- 
bility. Triad type was a reliable main 
effect, F (2,12) = 31.63, p < .001, as might 
be expected from Studies of free recall (see 
Deese, 1961). Mean number of w 
called (out of a possible 
HF-L, and LF-L triads we; 
10.85, 9.35, and 8.08. Diff 
bility of HF vs, LF Words 
a reliable Triad Type x 
action, F (6, 36) = 1.55 
consideration of the 


How- 


problems with 


r hypothesis of dis- 
proportionate memory load for order in- 
formation (Baddeley &S 
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other reliable Sources of vari; 
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triads over our 15.5 ^. interval is Similar to th 
“nonsignificant” interaction for triads found 
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by Baddeley and Scott (1971, E 
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over their 16-sec. interval. Since it is P- 
that their shortest. list: (triads) | pa (sce 
lowest in number of intralist cag 
Deese, 1961), their findings in Experi LED 
seem consistent with ours for HF-L vs. rete 
triads, projected over the entire 30-sec. 

tion interval. " zxperi- 

Turnage (1967) and Saba p. 
ment I) found no forgetting for their Both 
LF words over a 30-sec. meng ct for 
studies showed a slight reminiscence a was 
these words, Figure 1 shows that ee 
also little forgetting for the LF-L triads slight 
from these Same LF words and that d se Te- 
reminiscence effect also obtained. e. 
sults contrast to the considerable ne LI 
found by Baddeley and Scott for me F 
items. This may reflect the fact that mip tha 
words have an L-aount range three bu 
of the present LF words. Thus, more for- 
sequence interference and, hence, e item 
getting would be expected for their se eni- 
This difference is also important — he 
pirical Outcomes in apparent support. 
Unit-sequence interference hypothesis 

ostman et al., 1964; Turnage, 1967) d 
on the particular frequency values poem 6 
simple HF yg. LF comparisons (see Turn’ 
McCullough, 1968). 

Methodological issues. There is n 
that the form of the Frequency X E. was 
action Teported by Turnage (1967) 
artifact of simultaneous presentation sl e tt 
its as Suggested by Baddeley ar ptain* 


‘ ob 
interaction OP) 
^ comparable interactic r single” 
When Successi 2 
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Jepend 


MOE 
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+ tere 
nte 
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s 
s A sent § 
orrespondingly, the s prese? i 
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Multiple-word lists affectec Time |! 
nonsignificant) Frequency and 
"5 reported by Baddeley onfoun is 
P there is evidence that co jation 
$ ist associati? , (q 
Iuency and intralist as 


leractio, 


n 
: ion in interpret P5 py 
t consideration in inter] nce ! = 
rele. 5 interferent as 
ted 9 the unit-sequence Ha intralis! m- 
Pothesis 4 7 5 - and 1 M 
thesis Vhen frequency results CO ud 
Sociations are highly correlated, 


ord vs, 
“In this regard, Bad eo 
were recently made available to us p 
Persona] communication, September 
examples of Word lists from their cri Scena 
`V are: MIX-BOY-AIR-JOB-FLY (HF iter 
PAR-VIE-WED-700 (LF 
that their Hp 


Sentences, 


;- Scott 
the opere pw: 
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FACTORS IN UNIT-SEQUENCE INTERFERENCE IN STM 


tott obtain, When this correlation is educed, 


om consistent. with the unit-sequence inter- 
rence hypothesis obtain (see Figure 1). 

Ape pearing (availability) analysis 
fea Lec "ed IF words were better retained 
UL A il Except for their Experiment 
Sito decre ia probably true in the Bad- 
TR Een i D 71) studies. dn general, they 
mite in - on 1 availability differences may re- 
sd for Pe Va aoc increase in memory 
Biens p ormation across the frequency 
ane "ical his, in turn, may result in spuri- 
Dinare S npe interference effects (also see 
mental n 70). ; l'heir use of short experi- 
lsts "A a 2 contrast to the much longer 
Parently. qi. ostman et al. (1964), was ap- 
ever, miis] r3 to such considerations. How- 
téquency. o ISTUBEIGR may still vary with word 
Mally ear: gon W hen item availability is for- 
luated by presenting the to-be-ordered 

g the recall test (Turnage & 
n rec In addition, availa- 
sarily bine a ey HF items do not 
* Plas results in favor of interference 

K inus a guessing of serial posi- 
y available HF words could bi 


in the EUM NAT : : 
Short lists * opposite direction, especially with 


any case, since 


; the five-word lists use 
Y Baddeley e-word lists used 


and Scott (1971, Experiment IV) 
s ence tres to result in fortuitous unit- 
Vailabii T erence effects due to greater 

Dur Dresens Fs HE words, it is unlikely that 
j is bein ee lists would doso. Note 
Tom ppp. i d that the most available words 
Trial, dr ils were also the best recalled 
il. ies course, this could be because 
Vels o jei were best learned. Hence high 

Serial recall would be expe ow 

ae -I P e expected. How- 
Cria] * triads were also better learned 
. triads, but they 
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Were io Peet to LF-L 
better : 

bs of etter recalled serially presumably 

(19. Core; ay ^rference effects, 

9 ca Issues 

ud Mueren ae. Baddeley and Scott 

3a "d s gie that l'urnage's (1967) single- 

it u Nee inte, f, PPropriate as a test of unit 
PR: ‘Tlerence bec. i A 
tien ae nce because cuse 

E Vailabifit n cause it focused on 

eal, 2 and not on serial disruption in 


ur, this 

la " "us T2 » 

May EC's eme n characterization of 
T Je g er as ¢ 

Study "7 Somewhat Mt as a single-word study 


i misleading. Each S in his 
i oT C recalled a total of four test 
a W m ans ata time, over a 30-sec. 
peter Stenna beyond the first is 
aina (077 un al words can be viewed 

B patente: (or list) of two, three, or 
tieu]. „Items, Presented and recalled 

al (test) order. Conceivably, 
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failures of recall here could involve unlearning 
and recovery of competing responses with 
respect to serial (test) position; and this might 
vary directly with word frequency in accord 
with the unit-sequence interference hypothesis. 
Correspondingly, since proactive inhibition 
(PI) for terminal items in lists appears to 
increase with list length (See Postman et al., 
1964), PI might also cumulate because of in- 
creasing set length with each successive word 
recalled. Further, such PI might vary with 
word frequency (see Underwood & Ekstrand, 
1967). Turnage found a Frequency X Time 
interaction (averaged over all four tests) and a 
Frequency X Number of Prior Tests inter- 
action whose forms seemed in accord with 
interference predictions. Note also that the 
pool of HF and LF words involved was the 
same as that used to form the present HF-L 
and LF-L triads; hence, Turnage's words sets 
might be characterized as HF-L and LF-L 
"lists." Thus, the interaction for HF-L vs. 
LF-L triads shown in Figure 1 seems quite 
consistent with the Frequency X Time inter- 
action found by Turnage for "single" words. 
Extralist vs. intralist interference. There 
seems to be reliable evidence for memory fail- 
ures in STM that appear in accord with the 
unit-sequence interference hypothesis. How- 
ever, there is little convincing evidence that 
unlearning and recovery of response competi- 
tors produce the forgetting noted, even when 
strong unit-sequence interference effects are 
presumed to be operating in STM (Turnage & 
Steinmetz, 1971). "Therefore, an interference 
explanation which does not require the unlearn- 
ing and recovery assumption seems necessary. 
In this regard, consider the learning and recall 
levels for triads shown in Figure l. These 
might be viewed in terms of the A-B, A-C inter- 


ference paradigm, where A-B refers to pre- 
to experi- 


experimental associations and A-C 
mentally prescribed ones. 
In the present study, list r à 
triads should be high and extralist A-B inter- 
therefore, be minimal because 
ciations of both the A-B and 
1961), Moreover, 
associations might 
associations, 


integrity for HF-H 


ference should, 
of intralist asso 
A-C variety (see Deese, 
of the intralist A-B I 
prescribed A-C 
ting serial learning and recall 
(Postman, 1967). Thus, since general Hin 
ference for A-C associations from A-B — 
(either intralist or extralist) would be greet 
attenuated, learning and retention should be 
good for HF-H triads. In contrast, since both 
HF-L and LF-L triads have few intralist A-B 
associations, list integrity here should be poor. 


some 
correspond to 
thereby facilita 
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Consequently, interference from oe AB 
associations should be more likely, anc bra 
there are more A-B associations for HF word n 
such interference on A-C associations shou 
vary directly with word frequency. 
ability differences favoring HF 
facilitate serial learning of H F-L 
but be offset by increasing interference from 
extralist A-B sources as list. differentiation 
becomes poorer over time (See Figure 1). 
Parenthetically, this analysis of extrali 
intralist sources of interference does not 
too radically different from one 
Underwood (1954) with res 
variables as sources of tr: 
retention. 

Presumably, extralist 
would be enhanced by, 
repeated testing (see 
analysis also suggests a 
made from the unit-sequence 
hypothesis: Repeated testing sho 
more interference for LF-[, lists than for HF-H 
lists because of greater list integrity for the 
HF-H lists. Due to problems involving dif- 
ferences in degree of original learning, the 
present data are ambiguous on this point, 
However, Underwood and Ekstrand (1967) 
reported trends indicating more PI due to 
repeated testing for LF-L than for HF.H lists 
in a paired-associate Study. 


Avail- 
words might 
vs. LF-L lists, 


st vs, 
seem 
offered by 
pect to similarity 
ansfer in learning and 


interference effects 
but not depend upon, 
Table 1), Such an 
Prediction not usually 
interference 
uld produce 
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ASYMMETRIC ATTRIBUTE INTERACTION 


CONCEPT IDENTIFICATION ! 


THOMAS D. WICKE 


AND BRIAN ZAN? 


University of California, Los Angeles 


The Ss were run in a two-category affirmative concept identification task using 
geometric figure stimuli formed from six binary-valued attributes. An attempt 


was made to predict the rates of lear: 
that the learning rate of another attrib 
was held constant. The relative attr 
as attributes were added or deleted. 
attributes that determine the salien 


affected one attribute more than another. 


ning for one attribute from the amount 
ute was increased when the first attribute 
ibute saliencies did not remain constant 

There were interactions between the 
cies, and these interactions sometimes 
The interactions may represent 


a source of difficulty in the evaluation of concept identific ation theory. 


mee coent studie: 
| Ve concept 

igm have 
ased on (| 
Checking of 


s of the two-category affirm- 
identification (CI) para- 
supported a model of this task 
le testing of hypotheses or the 
Jaso ioo, AG (e.g. Bower & Tra- 
I: GR E ; Wickens & Millward, 1971). 
Provides poms that this class of models 

» x at satisfactory explanation 
Filet Many experiments that 
More de to probe these processes in 
tedundant um tor example, those using the 

ewes, icai cue paradigm (T rabasso 
"ates for Ans lave compared learning 
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“Mption, 


en 
ag, 


potential 
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^ U to all C ; 

Which Ss pics CI models is the process by 
Meng: Choose the relevant attribute, 


Sion 5 
Wr Set of in pabothests, An attribute 
Coles. $ attributes) i ston " 
ks iode ) is Selected, then S 
—  COnsistency with the observed 
ie us research was 
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110 State University. 


pattern of stimulus classification. The 
probability that the correct attribute is 
chosen for examination is usually repre- 
sented by a®normalized weight. Thus at- 
tribute A; has weight w; and the prob- 
ability that is actually chosen for 
testing is 


Wi 


=w ct] 


Ci 


where W is the total weight of all attributes 
that S could select, W = 2 w;. The quan- 
tity c; represents the probability that A; 
is chosen for responding after an error, and 
will be referred to as the learning rate 
since selection of A; allows S to solve a 
problem based on that attribute. Although 
w; cannot be determined, c; can be esti- 
mated from the number of errors made 
while solving a problem based on A;.4 

If irrelevant attributes are added to the 
stimulus array, the denominator of Equa- 
tion 1 is increased and the learning rate for 
A; decreases. Similarly, holding an irrel- 
evant attribute constant will increase ĉi- 
Equation 1 implies that the 
learning rate for attribute 
attribute Æ; con- 
from the learning 
for this analysis to 


In particular, 
increase in the 
A; produced by holding 
stant can be penas 
ate for A; ln order 
eda the weight of Ai must be i 
same whether or not A; is variable. lis 
this is not the case, it suggests that weights 
estimated from one set of stimuli cannot 


pp sema crure ESL PET 
i'The mathematical form and Ps of Lx 
estimates and predictions used in this article ca! 


obtained from the first author. 
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F ferius ESTIMATION 
iR Es FES, AND ERRORS OF ESTIMATION ces 
; RATES, PARAMETER ESTIMATES, AND ed " 
LEARNING RATES, : — 
T P Set SE | Si E —_ 4 
| Set D "s s 
E : : F 
s ela] EXE v 
Measure 5-1 D-P Pa P-D s | | Es d - ; 
| 5 | ali í 
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t—é (=7*) 311 ed A75 ES | 30: 200 
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i ts DP and PF; Group F ix Feported in both Sets SF and PF, 
a Group P is reported in both Set. 1 
Set 
necessarily be directly applied to another Partially over] 


set and casts doubt on the 
Equation 1 in the 


attributes, 
stricted stimulus experiments, 


One hundred fi 
the introductory 
California, I 


the experimenta] the third, PF, set, 
€ 10 tri; s, the Solution to the "SSTON 

Practice problem was explained to s and the experi. RESULTS AND Discussto? he 
mental Problem Was run, The experimental stimuli solve d 
Were not described to S before the experiment, Six of the 150 Ss failed ean S one 

he experimenta] stimuli Were geometrie p s rithi ials, 3 in G f 
formed from six independent by i s: problem within 0 EXC d P-D. Ss is 
(a) the color of the figure (red or blue); each in Groups F, P, at by à l ch 
of the figure (large or Small in à ratio of total number of errors made s for € 
to 1 by area); (c) the Shape of the fi glven in Table 1. The first tria 
circle); (d) the positi, v ? ` 
(e) the Position of à dot 
and (f) th 


Trials were self- 
pearance of a ra 
fied this stir 


mulus verbally as “ Mica esti ent analy sis. 
then was told if he was right or Wrong, “amates o 
thereafter the slide was removed an l tained 
started. The only e; ception to the random s, “stim, 
muli was on Trial 2 when the Complement Viation of the 
the Trial 1 stimulus was Presented t 
had seen all 


10 consecutive 
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15 Ss, which ma 


After thes 


P-D the 
METHOD 


attributes, 


correct re. 
begun a criterion run by 


assigned r. 
ty logicall 


Iness of contained fou 
: usefu dot and the 
interpretation of re- 


relevant and 
the dot dim 


and D-p 
students from dot was relevant ; 
University of : 


5 seated in 

b Other for the 
n upon which the p 
‘structions were 


f combine, 
etermined by letters with ere the 5 
and were chosen to sA 


9 Was a pure 
tion about th 


een ignored b 


ed to à 
riterion for 


> devi’ jg 
luti Should be noted that disse A 9 den 
SO} vas € , 
‘sponses, jf Zl on ds exact only when me ly & und 

Trial 91, the Session was Very large and provide on y ? ant 
of the accuracy of the estimates. irrele v te 

T gonso Tp result of restricting an ing ™ 
y be Combined into three attribute : 


lapping sets of 
T groups using the . as elev 
position of the rg des 

In Group P the Spies 5 
all six dimensions were va 
Position dimension w. ant; Groups 
ension was held perc that 
Were similar to P and P-D c 


ind, in D-P, position Me ata at 
; stant. [n Groups P-D and D-P the c 
* Part of their 


he 5s, E 
iet tribute took one of its values for half oho Wi 
Het remaining half. The eat c ; 
used size and form as eee S, F p 
5, and contained epis and F- 

The remaining two groups, nsions, 
orm and position Hime constit 
and F groups from above, € 


ibuted no in as 
Suess, contributed n an hi 
€ solution pion c : zd 
ps and T 
oth in these counts a! ho 
Maximum b 3 
N ates cà T. 
the earning rate Te 1 e 
and are denoted in eat ard b 
ates of the asymptotic v also £ pet 
estimates, sz, ar 


4 groups. 


T the 
the location of 


rant 
jas 
jon We 


5roup 
in Gi put 


still relevant, 
the 


"on" 
held co! 


f four 

con^ 
r COT 
^ SF 


form 


like!" 5. 
J)e 2 
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: e standard error of the difference). 
one in eed direction is predicted by 
More ET ( I. Equation 1 allows 
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Bat of ta s among the learning rates for 
four groups, however. If Equation 
Kemos an adeqúate representation of 
istan : ier - and il the weights remain 
Possible a the different problems, it is 
These a c; from c; and NM 
noted be tetions are given in lable im 
data than aw : pe are based on different 
TY if ine ne ut should be identical to 
The qi e ui ute weights are constant. 
its timated © E = $ is indeed less than 
EE stint agen error for four of the 
Tom cp Bi ut when cp is estimated 
rom e, S y^ p and when cy is estimated 
BS acs p n a large (greater than 
Nature of a d appears. Phe basic 
both cas this discrepancy is the same in 
“ses: When figure position or form 

tion or sa leaming rate of the dot posi- 
ln is Seger to a greater extent 
-nsistent with the value of cp or cr 

these attributes a simple ap- 
: Equation 1 with constant 
S not satisfactory. 
o CR era that à constant weight 
9 the hy ea be retained if the weight 
ün attri] ahe es that are eliminated when 
ej ute is held constant exceeds the 
1 the relevant hypotheses for that 
ent bon particular, one can postulate 
Mall teeing or such as "large squares or 
er both he that are present when- 
he oaa (size and form) are 

t absent whenever either is 
Even with this 
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tribute, but also on the attribute that was 
held constant to obtain č. 

To interpret these results, it is necessary 
to abandon the narrow mathematical for- 
mulation of Equation 1 and examine the 
specific dimensional relationships them- 
selves. In the Set DP, the right or left 
placement of the entire figure was obviously 
bivalued, regardless of the position of the 
dot, so the weight assigned to it remained 
roughly constant. In contrast, when posi- 
tion was varied the dot could appear in four 
locations (upper left, lower left, etc.), yet 
when position was constant it could appear 
in only two. In the former case S's initial 
reaction to the dot could have been as à 
four-valued attribute, giving it substan- 
tially greater. complexity and giving its 
correct representation a low saliency. 

The Set SF is very similar. One dimen- 
sion, form, was clear regardless of the 
figure size, while the size dimension was 
partially obscured by the form. "Large" 
and "small" have no absolute meanings, 
making it difficult to compare the sizes of 
different forms; Ss could not initially attend 
to size per se, but to large and small circles 
and large and small squares. For the form 
dimension, no such difficulties arise. 

Finally, the PF set produced nothing 
approaching a significant inconsistency. 
This is plausible, for both form and posi- 
tion are easily identifiable attributes that 
are equally obvious regardless of the pre- 
sence or absence of the other. They should 
be nearly independent of each other and 
satisfy a constant cue weight model. 

In this experiment certain attributes, 
dot position and size, suffered. a loss of 
saliency when other attributes, figure posi- 
tion and form, were allowed to vary. The 
attributes were those that appar- 
ater number of values 
when the obscuring attributes varied. This 
effect. was undoubtedly accentuated by 
S's relative unfamiliarity with the stimuli, 
but would probably be present unless the 
stimulus dimensions were well overlearned. 
These inconsistencies do not necessarily 
call Equation 1 into question. The overall 
process model of attribute selection. can 
hold and Equation 1 be correct for a single 


obscured 
ently took on a gre 
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set of stimuli, while the learning rate param- 
eters for these stimuli do not transfer to 
another stimulus set. A similar result has 
already been noted for discrimination data 
(Shipley & Luce, 1964). The problem can 
be resolved only by a closer examination of 
attribute relationships. In some cases 
these relationships are probably the same 
as those described by Garner (Garner & 
Felfoldy, 1970) as integral or separable, 
However, Garner's stimuli were very simple 

and only rarely did a suggestion of an asym- 
metric interaction appear. The stimuli in 
the present experiment were much more 
complicated and showed interaction pat- 

terns that were neither integral nor sepa- 
rable, but included aspects of both, 


any case, it is clear that the relations 

between the dimensions of the geometric 

stimuli were neither identical nor & 1 

metric, and that if à full picture of ys 

attribute sampling Procedure is to » 
^ 


See SCR DRESS x 


THOMAS D. WICKENS AND BRIAN ZAX 


developed, a model of the dimensional in- 
teractions would need to be specified. 
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EFFECT OF PATTERN IN DISPLAY BY LETTERS 


vc hology 


NUMERALS UPON ACQUISITION OF SERIAL 
LISTS OF NUMBERS! 


AN L. FINGER ann W. J. BROGDEN 


University of Wisconsin— Madison 


A list of 16 two-digit numbers was acquired by serial anticipation to a criterion 
of one errorless trial by 16 Ss in cach of seven conditions. Four experimental 
conditions provided display patterns by presenting half of the numbers as words 
(e.g., fifty seven) and half as numerals (e.g., 83). The sequential patterns of 
display were single, double, quadruple, and octuple alternation. Control 
conditions were all numerals, all words, and a random sequence of half nu- 
merals, half words. The group with single alternation showed s gnificantly 


differences in the form of the curve for each experimental group from that for 
the combined control group. he view was proposed that any effects of 
pattern of organization upon acquisition, including form of the serial position 


error curve, are primarily transfer effects from prior learning. 
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more time and errors to acquisition than the other experimental groups. 
Examination of the significant Groups X Serial Position interaction revealed 
List s 
Sts . " " 
of verbal items used in experiments 


single-category items and of mixed-category 
items and found faster acquisition for the 
latter kind of list. The mixed-category 
items were learned more rapidly when the 
items of each category were organized into 
groups than when they were intermingled 
at random, and organized lists with four 
categories were learned more rapidly than 
lists with two categories. : 

The present study was planned to investi- 
gate serial anticipation acquisition of lists 
of two-digit numbers as a function of sys- 
tematic variation in the sequencing of item 
display by numerals (e.g., 37) or by letters 
(e.g., thirty seven). Sequencing of display 
may be used to provide patterns of single 
alternation (e.g., 37, eighty five, 29, fifty 
. .); double alternation (e.g 37, 85, 


two, . i 
twenty nine, fifty two, Ji jg ie 
alternation (e.g., four numeral disp ay 


items, then four letter display items, - * ~. 


and octuple alternation (e.g eight goce 
display items, then eight letter a 
items) when list length is 16 and each die 
play mode occurs with equal frequency. 
These conditions provide a progression over 
the patterns of SA, DA, QA, and OA that 
reduce difficulty of 


was hypothesized to 
an 


acquisition. ‘The progression involves | 
inverse relation between size of alternation 
unit and frequency of alternation. The 
ease of acquisition, however, was hypothe- 
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sized to increase both when size of the 
alternation unit Was increased and the fre- 
quency of alternation was decreased. It 
was further hypothesized that the pattern 
of display would be reflected in the form 
of the serial position error cu 
the absence of any effect of 

ease of acquisition. All expe 
terns were expected to prod 
cient acquisition than control 
involved either a random se 
play or consistent displ 
letters or all numerals, 

play was hypothesized to 
than either of the two consistent displays 
which were not expected to differ from 
each other, although the Possibility was 
considered that on the basis of à greater 
frequency of general usage of numerals, 
the consistent numeral display might be 


Stent letter dj 
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Pattern upon 
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be more difficult 
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provide an in 
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dependent of any effects due to differ- 
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to be reported was designed to test these 
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TABLE 1 
T OF DISPLAY PATTERN UPON ERRORS AND TIME PER ITEM TO THE ACQUISTION CRITERION 


Display pattern 


Measure ur m EM No A — 
| SA | DA | QA ös | * | €* | R | cc 

Errors lE d E z ae | 
ie 345.2 | 265.0 | | 250.9 | 270.8 | 320.2 | 295.3 | 2954 
per item (in sec.) | — 86.6 66.9 | | 61.8 | 719 | 819 | 73.9 75.9 


E——— 


Note, S 
nume d^ SA dle a 
Mmerals; W = all gerd! 


tion ; 


iR = random sequence; and CC 


‘alysis of variance. 
© criterion 
tica] 


The o level was 
1 of significance for all statis- 
All analyses of the error data 
an evaluation of serial position 
Kain ation with the treatment 
T the a errors and time per item 
all “ihe “quisition criterion are given for 
both Re Ps in Table 1. In the analyses of 
Not a sn s lime per item, groups was 
3% ley 1 cant source of variation at the 
losy S but was at the 10% level, F (6, 
1.96 and 1.98, respectively. The 

lively HUM group means differed rela- 
Groups tle and in spite of a significant 
the erro X Serial Position interaction with 
the ee data, F (90, 1575) = 2.29, plots of 
Tol grou Poutan error curves of the con- 
Pe ate baud no differences. 
ent erotics à p the data for the three 
Ce Ps showed no significant differ- 

n groups for errors and time 


th ree co 


Der twee 
Sign; c et, f (X as 

tific: e, wm) = 1.2 3 3, é 
fer Meant Choos ) ind .8, and no 


` (30, 675) = 


3p an ^ r i 
ou and the four experimental groups. 


M PS Was. i re 
» ( le analyses nificant source of variation 
the 107) = da errors and time per item, 
in qp Oups x Pus 29, respectively, and 
logs error ad erial I osition interaction 
anq =29 e was significant, /^ (60, 
he LSD for errors was 62.8 
d Bond item was 16.3 sec. The 
n OTe C are given in the last 
t errors an i Phe results on the LSD 
la Wie c ume per item are the 
an for Group SA is larger 


F time 1 


* alternation, QA 
` = comh 


a; OA = octuple alternatipn; N = all 


uadruple alterna 
control group. 


and significantly different from the mean 
of each of the other three experimental 
groups (DA, QA, and OA). There are no 
other significant differences between the 
means. 

In order to examine differences between 
the form of the serial position error curves 
independently of magnitude of error, the 
data for every S at each serial position were 
converted to percentage of his total error. 
The unequal-4, unweighted-mean analysis 
of variance of the percentage error data 
for Groups SA, DA, QA, OA, and CC 
showed the Groups X Serial Position inter- 
action to be significant, / (60, 1605) = 2.9. 
The four panels of Figure 1 present à plot 
of the serial position percentage error curve 
of each of the experimental groups conr 
pared with the curve for Group CC. The 
LSD for any difference between a mean for 
Group CC and a mean for one of the experi- 
mental groups was 1.1%. For any differ- 
ence between means within an experimental 
group or between experimental groups, 
the LSD was 1.4%. 

The form of the serial position error curves 
for Groups SA and DA show substantial 
similarity. Beginning with Serial Position 
6, a sawtooth single-alternation pen i 
visible in the curve for Group SA to Seria 
Position 12 and in the curve for Group DA 
to Serial Position 14. The amplitude of 
the oscillation is small, and in one instance 
for Group SA and two instances for Group 
DA it exceeds the LSD. There are two 
serial positions (7 and 10) at which the 
differences between Groups SA and cc 
exceed the LSD and three serial positions 
(10, 15, and 16) at which the differences be- 
tween Groups DA and CC exceed the LSD. 

The patterns for Groups QA and OA 
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group (CC), 


show similar effects on the form of the 
serial position error curve, The early 
serial positions (1-7) for both experimental 
groups show a gr "ater proporti 
than Group CC. `o 

positions (8 to 11 or 


€ serial 
OA show ; 


QA and 


Serial 
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Positions 3, 4, 10, 11, and 12, 
differences between Groups OA 
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al Positions. The effect o SA anc 
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group at the initial ordinal pee is, howe” of 
Curves for the QA and OA Mer magnitud* 
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trol group, Whether this Wes rese pnus 
Pattern on magnitude of error at stion of T 
or Compensation for the esee to SAY | 
at the middle Positions is difen sable at 
Pattern effects, being most noticed 
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two-digit numbers in the combination list when 


the two part lists were pure lists of nouns and 
two-digit numbers. Part learning was more 
efficient than whole learning when the DA and 
ao Pnn were composed of items from 
; ists. Part learning of the DA and QA 
Es ie similar material | in the com- 
Sole les ist did not differ significantly from 
Ef the ae of the same pattern. The form 
M liste is position curves for the combina- 
Eos esi ed substantial effects of the DA 
Bien. panes that showed greater magni- 
Em d pecific than for nonspecific transfer 
le part lists. The smallest magnitude 


of tl 
lé pattern effects occurred with whole 
Carning, 


These 
Pattern a 
Tom prio 


results suggest that the effects of 
te due in part to positive transfer 
r learning. Any pattern or principle 


lat mi me. 
list to m be used for organization of a serial 


Stantial 
Prior | 


Any conditions 
ch aute to increasing the magnitude 
tribute ee transfer effects should con- 
the dite es to the effect of organization upon 
atterns d of serial learning. Thus, when 

MDulated DUAE of organization are ma- 
s Positive variables, the prior learning and 

Udon Be rene and the effect of pattern 
The Sins or nl learning are intermingled. 
- Considered primacy and recency may also 
ansfer effe in the same manner. Positive 

the p, is inne from Prior serial learning are 
Primacy and recency effects and 


at contri 


a 


these effects are prominent and large for serial 
learning. When there is an addition of some 
pattern or principle of organization to a serial 
list, demonstration of the effects of pattern 
are necessarily limited to the middle serial 
positions. Primacy and recency effects will 
interfere with and markedly reduce any pattern 
effects at the beginning and terminal ordinal 
positions. Even without the imposition of a 
specific pattern every serial list has a minimum 
pattern that is dependent upon positive trans- 
fer effects from previous serial learning that 
involves primacy and recency effects due to 
the initial and terminal ordinal positions. 
The acquisition of items in the middle of the 
list will occur at a slower rate than will those 
at the beginning and end of the list and will 
depend upon cues that are inherent in the items 
or upon cues that are idiosyncratic with each 
learner. 
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Mature-young and aged rats were tested in 
the conditions of distributed or m 
rats learned the maze more y 
tions, but mature-y, a 


a H-unit multiple T-maze under 
oderately Massed practice, Mature-young 


et e'hiciently with distri uted practice, 
while aged rats learned most i / wi racti In a Second 
experiment, aged ra ai learn the Maze were given distributed, 
Massed, or highly Massed practice, The m 


assed practice conditions resulted 
in fast and efficient reduction in crror scores, T ese data are best understood 
in terms of a deficit in short-term memory for aged rats, 
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experiments involving human learning. sic of testing 32 were 
many early experiments 


most of which are con 


taine 1N grou D cage E ina 
gruent with this sum- within the i ensi Center eil 
mary (Munn, 1950, pp, 319-323). n ex- Colony, until removal for the present A grown 
Ception to this rule “PParently occurred in : ung is Yere selected to wd nid age. Tho pat 
an experiment involving mature-young and gy ang pes x5 mae Wistar rats is abou 
aged albino rats Goo rick, 1968 Aged 264. MT tality for these male Wis 
Tats which hag faile 


^ O! 
» the age 
"Le, 50% of a given group die by tl 32 
d to reach 


M 4 Criterion of 
earning -maze 


: y were giyen 
highly massed practi x 


a ity is about 
^ While the maximum longevity is 
It is 
actice and quickly learned 
the maze 


t 
atory t° 
5 standard Procedure in the ioo in j 
ex aged rats which are » death © 
ected as replacements in the case of the 
an CXperimen tal .S, 
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AGE AND DISTRIBUTION OF PRACTICE IN RATS 


MEAN ERRORS 


e DISTRIBUTED | MATURE- 
o MASSED YOUNG 
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TEST SERIES (Blocks of 4 trials) 


Fig. 1. 


Mean errors as a function of age, practice condition, 


and series (blocks of four trials). 


days of rats were 
E the reward solution of condensed 
se 10 gm/100 ml) 

This solution was placed in 
culture slides (used also in the 
Then all rats were gentled 
' training trials (2 per day) 
With 1 ml. of reward solution 
Way. Following this procedure, 
“unit T-maze began, One half of 
Was tested with one trial per day 
half was tested with four trials 


eilved à Pe With 30 min. between trials. All 


" 
M ares H 
Ting 4. Tea wj 


Such |. 

Anim, differentia deprivation favoring the aged 
and erom EBGsted by Stone (1929, pp. 123-124) 
Young ai (1959), However, because mature- 
Soluta s normally increase body weight when 
Proban, the motivation of the two groups was 
Were ; y equivalent (Stone, 1929, p. 104). The rats 
ed their YS tested between 9 AM. and 1 pM. and 
After © daily food ration bet ld ron 

l 


in the start area; then the panel was raised allowing 
access to the maze. A timer was started when the 
rat was fully outside the start chamber and stopped 
when the food reward was reached. If the forepawa 
were placed in an area which diverged Va is € 
path to the goal, an error was REIN : ns -— 
errors and retracing errors were all aum E 
during retracing, multiple errors w ere n po ana 
different maze x cs aoe 7 x w——À 

8, Fi ^ » 300; Munn, 50, . 23 4 
ed 11, p. 260). The path ae o 
maze was outlined on mimeographed sheets © 
maze design during every trial. 


Results 

In both Experiments 1 and ll, € 
scores were used to determine group differ- 
ences in rate of learning. The utilization 
of the error score is especially important 
when aged rats are tested because time 
scores may be related to age differences 1 
locomotor ability rather than age differences 
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TABLE 1 
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st ser ials ese diffe 
t series of four trials, thes 
Ir: 
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bà pae practice groups, F (1, 30) 
$ 4, P «.01. This was due to an in- 

ials for percentage of such errors over 
Toup. »4 eg aged distributed practice 
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x rors occurred over trials for the 
“assed practice groups, Practice 
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diferen ib Although the group percentage 
Tus. bu not statistically significant 
ly s. 1-20, group differences were 
S'gnificant for Trials 21-40, ¢ (30) 


Condit 
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quoi A Sas errors were plotted for 
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ule da. of Consecutive errors at 
Wes St series P iid Series B. represents 
Made fo v% hich less than four errors 
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bution of practice. 


a function of test 


initial trials of a daily series, rather than 
randomly over the daily series. 


EXPERIMENT II 
Method 


Subjects. Twe 
mo. old, were Ss. 

Apparatus. The apparatus was the same as that 
used in Experiment I. 

Procedure. The preliminary motivational and 
adaptation procedures were the same as in Experi- 
ment I. The Ss were part of a larger group which 
were given 20 daily training trials. The rats utilized 
in the present experiment were cla i ed as slow- 
learning rats if they failed to reach a criterion of four 
total errors or less on Trials 17-20. The sie 
learning rats were then matched on the E. 
total errors on Trials 17-20 and divided into € 
groups with eight rats in each group. All E 
then received 36 additional trials in Sed 
Group 1 received 1 trial per day, OH 1D trials 
4 trials per day, and Group 3 received ; Astrid 
per day with a 60-min. interval between, ls for 
sequences. Due to the large number of e eaii 
Group 3, the between trial interval during our-trii 
sequences for Groups 2 and 3 was 10 min. 


nty-four male Wistar rats, 26-28 


Results 

Mean error scores for blocks of four trials 
were used in a 3 X 9 (Practice Condition x 
Series) analysis of variance design. These 
mean scores are given in Figure 2. Because 
the aged rats were matched on the basis of 
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; ; diste ed practice scores, 
ietet memos Dm VEY ANA "e the 
ange: s Following preliminary prac- 
three ee error differences were highly 
ie ddl F (2,21) = 10.23, P « wA 
S Series 1 of massed practice, masse 
On Sus bo 2 and 3 increased error 
E with rats of Group 1, 
ura ontinued distributed practice train- 
D n = 2.80, p < .02. Both massed 
acs e groups then reduced error Scores 
bod faster rate than the distributed 
E ce group, Groups X Trials, F (16, 
168) 7.43, b. < .001. Both massed 
edm groups obtained significantly fewer 
errors than the distributed practice group 
on test Series 7, 8, and 9, all ts (14) > 245. 
b < .05. Although more highly massed 
practice (12 trials per day) resulted in 
faster error reduction than less highly 
massed practice (4 trials Per day), the 
differences between these STOUDS were not 
statistically significant. 
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"d in c icting 
Experiment I demonstrated that the percentage of letters used in constructing 
abbreviations of common words decreased w 

1 N ike- T-L) frequen 
letters) and Thorndike Lorge (T: L) ne SN 
contraction principle (omitting interior letters) was preferred with short we 
and truncation (omitting terminal letters) 
different abbreivations increased with word 


Experiment II asked Ss to construct 
traction, truncation, or both. The re 
and showed that Ss can use tl 
Experiment III required 
viations produced in 
reconstructed correctly, 
quency, word length, and sex of S. 
constraint and coding 
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Prescriptions for thei 
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1€ prescriptions range from 
simple rules such as “omit all vowels” to 


the comprehensive abbreviation Practices 
of scientific journals (e.g., Chemical Ab- 
stracts) and large industrial corporations 
(e.g., American Telephone and Telegraph 
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abbreviations by systematic usc of con- 
esults were virtually the s 
he abbrevi 
Ss to reconstitut 
Experiment I. 
word reconstru 


The 


ith word length (4-5, 6-7, 8-9 
cy (1-24, 25-49, A, AA). The 


with long words. Number of 
length, but not T-L frequency. 


ne as before 
ation rules in a consistent. fashion. 
¢ the original words from the abbre- 
Although approximately 67% were 
ction varied greatly with T-L fre- 
experiments were related to intraword 


d apparently 
be devised for each rule, edt 7 
has been subjected to empirica „idence 
Seems to be no behavioral ev y 
many 
ction 


Support a choice among the n 
tems proposed for the constru 
abbreviations, ices 
An analysis of existing pas. 

gested that most abbreviations n tracti 
of the principles of truncation, cot uncatit! 
Or a combination of the two. In | letters a 
one or more contiguous termina 

the word are omitted. Some exam 


ples "id 
1 
an toll 
Pres. (president), Oct. (October), aM (jo 


à trun in 
(minute), An extreme form x abbreV! " 
15 exemplified by the single-lette 


n E 
tions used with units of measure an 
or volts, F for Fahrenheit, stot ers ved 
traction, one or more interior e i 
removed and the remaining goo by 
together. Some examples are: R ai ; 
ing), amt, (amount), and rd. pe. asl” 
Contraction principle does eua 
eteted letters to occupy eir tees ter? 
tions in the original word ; any ina e 
than the initial and the termi e ab^ 
May be removed. Finally, jl and P 
viations embody both truncation’ ill 
traction, The simultaneous me pu 
rules seems fairly rare, but mate)? il 
examples are: appx. (appro } Lr 
(private), and chm. (chairman p " 
Strate the principles further, eviat* pb 
eight-letter word is to be ent diet 
-etters 6, 7, and 8 are deleted: 


wa 


l 
l 
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viation 


would illustrate truncation. If, 
howev 


er, Letters 3 and 5 are removed, the 
abbreviation would be an example of con- 
E k mitting Letters 5, 7, and 8 
B tion e both truncation and con- 
oem ‘he joint category somewhat 
is in that removal of some letters 
E could be governed by truncation 
Men a aeg but there is no ambiguity 
E cu d is abbreviated exclusively by 
esor | Or contraction. The joint 
Sonet ru oui) for those cases which 
E £ early classified as truncation 
action. Fortunately, as the present 


ata Pee RS > 
T5 à show, very few abbreviations fit the 
Int category. 


Sv po m Sind describes three experi- 
of the du to explore the usefulness 
qiiem pe of abbreviation and 
Variables. I ids fects of certain stimulus 
ts eatin eqs s the studies sought 
Principle n r the relative use of each 
breviations the actual construction of ab- 
Periment D in 2 free-choice situation (Ex 
With whick a IS evaluate the consistency 
they dae J construct abbreviations when 
(Ceci use one of the principles 
revious a ID. Despite the lack of 
Present ae directly relevant to the 
Buage Mercia: the investigations of lan- 
rner, hw By Miller and others (in 
& Word n suggested that the length 
quency : number of letters) and its fre- 
Ruage (by Occurrence in the English lan- 
Might | h Phorndike-Lorge, 1944, norms) 
breyi; i uence the construction of ab- 
Attempted Specific predictions were not 
Might Fonte but it seemed obvious that Ss 
S trivial s the abbreviation of short words 
> ja Rocca ied On the other 
y hingful ar d s of long words represent 
Eu Mage Bl ei economies in lan- 
eile vale in — y"; be assigned 
E. able, p" P xe 9 Ep: frequency 
sho, tions of high ae ized that the ab- 
„ess variability A Words itae Hn 

^i F Sate bene p those of low-fre- 
lh. = hadi consid Š es Ss would probably 
Cur g abbre FR le experience in con- 
nh Martin of high-frequency 

“ach Sintec ariables were manipulated 
T ment. Lastly, Experiment 
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III was designed to assess the accuracy 
with which independent (new) Ss could 
reconstitute the stimulus words from the 
abbreviations devised in Experiment 13 
The third study provided a test of the valid- 
ity of the abbreviations, It should be em- 
phasized that no attempt was made to ob- 
tain normative information about word ab- 
breviation behavior. When more is known 
about the factors which influence abbrevia- 
tions, normative studies might be useful. 


EXPERIMENT I 


The initial study sought to examine the 
eflects of four experimental variables (word 
length, Thorndike-Lorge frequency, in- 
structional set, and sex) to determine the 
frequency of use of the three principles 
and to evaluate several response measures. 
Early in the investigation, it was necessary 
to decide whether Ss should be asked to 
construct abbreviations witha fixed number 
of letters or whether they should be given 
a free choice in the length of the abbrevia- 
tion. Two considerations dictated the 
second approach. First, a free-choice situa- 
tion seemed essential to test the variability 
prediction made for the frequency variable. 
Second, the number of letters in an abbre- 
viation was more susceptible to quantifica- 
tion than other possible response measures, 
and thus more likely to differentiate among 


the treatment conditions. The instruc- 
tional variable was also introduced to solve 
Without specific 


a methodological problem. 

guidance, it was speculate 1 S 
might generate meaningless. and highly 
idiosyncratic abbreviations. Therefore, Ss 
were instructed to provide for each word a 
personal abbreviation that they might use 
in their own private writing and a general 
abbreviation that could be understood and 


used by other persons. 


d that some Ss 


Method 
Subjects. The Ss were 24 male and 24 female un- 
dergraduate students enrolled in the introductory 
psychology course at the University of Georgia. 
They participated to fulfill a course requiiémene.. 
Design. Independent 5: (eight males and eight 
females) were randomly ned to three word- 
length conditions, designated as short (4- and 
5-letter words), medium (6- and 7-letter words), and 
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long (8- and 9-letter words), Is ¢ 
dike-Lorge (T-L) frequency Were administereq to 
all Ss in each word-length condition, The T-L, fre- 
“quencies were 1-24 (per million Words), 25-49, A, 
and AA. All Ss in each condition Were asked to 
construct a personal and a general abbreviation for 
each word. Sex and wor Were treated 
between-Ss factors and T-[, frequency 
tional set as within: s 

Stimulus materials, 
length (4, 5, 6 
(1-24, 25-19, 
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sponding response 
gencral abbreviations. 


,in groups of 4-8 
Provided With 


aloud by E 
written version, asked Ss 


general abbreviation fe 
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ations in any way 

told they could devise the ene im ge ie number 
y liked and that the was ni E cover th 

V ia to be used. ch Sw pes a blank 
preceding words and abbrev Wrtións ce A ex 
sheet of paper as he moved dow & BUE. ot was 
ample of a personal and 2 general a o mention Wa 
provided in the instructions, but i the rules ton 
made of the types of abbreviations qs answefel 
constructing them. Any Hees: S as possible. 
by repeating the instructions as nea e time, but 
The Ss were told that they had unlim Completion 
to work as fast as seemed reasonable. 
of the task required 15-30 min. 


Results 


«en, each 
Three analyses were pena The 
based on a different response measure. 
results are presented below. ditions of 
Number of letters. In all 6 ese in 
the experiment, the number o nd the? 
each abbreviation was determined Us tota 
Converted to of - The 
Ctters of the word to be cca uic 1 the 
mean percentage of letters employ Figure 
general abbreviations is shown in T-L re 
as a function of word length ana pbrevia 
quency. Data for the personal uà the) 
tions are not presented eos iations: 
parallel those of the general abbre ut 576 
The main difference is that ab esami 
fewer letters pue Pp 
abbre ‘lations, 
in Figure 
declined 
Word leng 
of lette 
the thr 
5.17 


Al 


a percentage 


were used in 
Several ri 


Systematically with al numb? 
th, although the wee ve 
rs showed a moderate inc 


Ue 5l 
ce word lengths (X = 3 
for 4-5 


) 7) 
5, 6-7, 8-9, respeotivesn u in 
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arger Percentage of letters W 


han 
z.49) t 
the low-frequency (1-24 and 25-4 words 
i ; iency (A and AA) Wor 
the high-frequency (A an 


s 

letter n 

the mean actual number of 0 
each T-I 


sstimate 108 
x frequency may be ned valt of 
` s 5 » plc 5 
: ure d by multiplying ue A analys y. 
by 45, 6.5, or 8.5). — general - 
Variance of the personal anc 


TeViations indicated that significan 
ences were 
Sonal, je (2 
T 42) = a 
Personal, jj (s 126) = cac foi ies 
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TABLE t 
VukoUrkNCY or Us OF ABBREVIATION PRINCI AS A FUNCION or Worb LENGTH, 
E g UROESDIRE-LORGR FREQUENCY, AND SE) 
Thorndike-Lorge frequency 
Abbrevia: | — — — = 
IM Male Female 
= 1 E J 
1-24 25-49 A \A Total 1-24 25-49 x | AA Total 
E m E L NET ECL Venue NES e 
- Length 4-5 
T d | d | g 
c 5 Tg] 2 0 4 2 | à 3 T 6 15 
TC 14 17 16 13 60 16 14 14 11 55 
3 0 0 5 8 0 0 1 1 2 
E t LE. I L | Jl i | 
—— Length 6-7 
z 4 7 i | e 27 8 9 9 10 | 36 
TC 13 10 8 9 40 10 8 7 8 33 
1 1 3 0 5 0 1 2 0 3 
—À— ! —— — = 
oe O O Length 8-9 
T —— - ————— - 
C 1 7 13 11 32 8 10 io | 14 48 
TC 15 10 1 6 35 8 8 2 3 21 
E 2 1 1 1 5 2 | B 0 1 3 
Note * r c E "m je "As = = iü * 
= truncation; C = contraction; and TC. = truncation contraction. 
Sene. 
ral, je is i T Xi * 
Popo 126) = 3.26, p < .01. Figure tion principle, 162 (38%) involved trunca- 
Sult im that the interaction is the re- tion, and 26 (6%) followed both principles. 
25- A convergence of the effects of the However, the data also show that contrac- 
longer m sg AA I-L frequencies for the — tion was universally preferred only by male 
the Derce TOS. There is little difference in Ss and mainly for the 4-5 and 6-7 letter 
the ^ ee of letters used to abbreviate words. In contrast, female Ss preferred 
Valu pce words with these three T-L truncation, particularly with the 8-9 letter 
NU Ne urthermore, 45 a group, these words. These effects were confirmed by 
Ette ar Aubseiated with 5% fewer chi-square analyses of the 3 X 3 contin- 
T Preguen ! the 1-24 words. gency tables for word length and abbrevia- 
viable a of abbreviation principles. tion principle (T-L frequency was E 
qat son the number of words abbre- lapsed). The tests showed significant A 3 
Ron Wal s three principles as a func- ferences among the frequencies ai eis 
D gain length, T-L frequency, and males, x2 (4) = 39.99, p < .01, an 
B fepe rn nE the general and personal females, X? (4) = 33.48, p < 01. ais word 
se the q; 3 closely parallel each other, Other chi-square tests (two at cac was 
ape ed of the former will be de- length) indicated that T-L frequen of 
Bering all conditions, 244 (57%) important only for the ee US 1688 
o dil Were based on the contrac- the 8—9 letter words. Significant differer A 
(eign? cach wo. were found in the 4 X 3 (T-L Frequency 
tion. pales de Mis was abbreviated by eight Ss X Abbreviation Principle) contingency 
Was ha Wor, ui PN in Table 1), classifica- tables of both the males, X? (6) = a 
j ip), PAse, ncation, contracti ie 2 = 12.81, 
SIRES" Ue miee tee meta eB < Ol and the females ve (6) = 128 
tip yrds Wes example, an entry of 14 Ts ahe chat p < .05. Table 1 shows that truncation 
“by a ut abbre " i was used more often than contraction with 


id with a particular prin- 


a main: 
Majority ol the 


the longer A and AA words. The reverse 
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MEDIAN NUMBER or Dire 


NT GENE 
HORNDI 


RAL ABBREVI 
-ORGE FREQUENCY, 


ATIONS AS A FUNCTION OF 
AND SEX 


Worp LENGTH, 


Thorndike-I 


Lorge frequency 


Word Male | Tirak 
length a 
1-24 25-49 A | AA | Total | 1-24 | 25-49 | Á AA a 
| ef 
5 5 TE | $55 
-5 39 3.50 3.00 3.50 3.35 3.64 3.21 3.75 25 4. 
6a 331 X50 | 38 | 456 | ee 4.67 4.14 3.88 2 5.50 
8-9 6.00 4.93 5.30 4.83 5.34 6.25 | 5.06 4.50 ». EE" 
ited 
‘ inte sas bestal 
tends to be the case for the low-frequency employ whichever principle was b 
words at all word lengths, 


evialions. To 
ion of the abbre- 
fferent abbrevia- 


a reversal often Occurs 
frequency, and in Many ir 
ences are trivial] 
quency was 
determinant of t different 
1 also be Seen that the 
abbreviations 
that, with s 
Produced few 
male Ss, 


number 


‘aS not an 
unsystematic nature 
EXPERIMEN) H 
This expe 
well Ss could ex 


Although 
perfect consistency j 
rule, it seemed More ]j 
structions to the 


Gcally: 
to the word at hand. More qud o 
it was hypothesized that the sequente 
language Properties, such as "rw to over” 
habits and redundancy, would tend i prin 
ride the effects of the en à 
ciples whenever the principles pro dictate 
abbreviation different from one 

Y previous language experience. 


Method je i 

45 fema r 

Subjects, The Ss were 45 male and 45 ory 
dergrady 


introduc’ 
ate students enrolled in the ri 3eore 
Psychology course at the University uiremen y 
"hey Participated to fulfill a course og stu CE 
esign and procedure. The De ant D ona! 
sisted of three replications of Exper instructiolg 
under different instructions. The pe male: jot 
Conditions required independent Ss (15 previa e of 
5 females in each group) to construct # use of ? 
for the Words of Experiment | making 
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LETTERS 
ò 
" 

TT 

I» èr 


4-5 Sn 
WORD LENGTH 


use” gi 
s ng 
etter 4 lel). 
Fig, 2, Mean percentage of be word it ] 
genera] abbreviations as a functior z«perit 
and Ty, 


cy (EXE 
Jorndike-Lorge frequency ( 


th hel s. s : " 
Ee principles. The instructions defined and 
examples of the abbreviation principle Ss were 


toe noD S ni Esa at 
le oy The Ss given the joint principles were 
Sd Jat they could use truncation or contraction or 


sli devising their abbreviations. 
. Conditions and 
of Experiment | 


All other 
procedures were identical to those 


Results 


Number of Ti 
m nber of letters. The mean percentage 
. etters employed in 
M 


i the general abbrevia- 
M Shown in Figures 2 and 3 as a 
; ‘on of word length, T-L frequency, 

instructional condition. It can be 
p the percentage of letters. de- 
requency ita length and T-L 
tical to - dese effects are nearly iden- 

| 


Seen 
Cline 


. € of Experime Sent n 
Mean actual periment I. Again, the 


“Stimated f 
Plying 
8.5 


number of letters may be 
rom Figures 2 and 3 by multi- 
5, Plotted values by 4.5, 6.5, or 
the of n analysis of variance indicated that 
VM of word length, F (2, 72) = 7.40, 

3j T-L frequency, F (3, 216) = 
i P < 001; and their interaction, 
ally E jm 2.71, b < .025, were statisti- 
that e gant. Fhe analysis also showed 
E- Bos Word Length x T-L Frequency 
of yn ^. I eraction was a significant source 
216) = 245, p < .05. 


the 


E S527 


F (6 
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?o^ Vari; 
| Th, ation, F (6 
(Th rema: (6, 


aining variability in t 
Produced by T PME in the data was 
te instructional conditions, 
8 
I^] 
[a us 
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Hu Tac: —— 
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x ae 
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* as a function of word length 
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F (2, 72) = 10.69, p < .001. Figure 3 
shows that the group given contraction in- 
structions used a larger percentage of the 
available letters than either of the other 
groups. The truncation and truncation- 
contraction Ss employed nearly the same 
percentage of letters. With the 4-5 and 
6-7 letter words, the contraction Ss used 
approximately 5% more letters than the 
other groups; however, with 8-9 letter 
words the difference between the contrac- 
tion Ss and the other Ss was close to 10%. 
Most of the larger difference is due to a 
decline in the percentage of letters used 
by the truncation and truncation-contrac- 
tion .Ss. 

Frequency of abbreviation principles. The 
frequency of use of the principles is shown 
in Table 3 as a function of word length, 
T-L frequency, instructional group, and 
sex for the general abbreviations. The 
results demonstrate that contraction once 
again was the preferred principle under 
most conditions of the experiment. With 
Some exceptions, truncation was chosen 
over contraction only when Ss were ex- 
plicitly instructed to use truncation. 

The first of several chi-square analyses 
evaluated the 3 X 3 tables for abbreviation 
principle and instructional condition of 
each sex (M or F) at each word length (4-5, 
6-7, 8-9). The tests indicated that a 
significant association (p < .01) was present 
in each of the six contingency tables, X? (4) 
— 40.81 (4-5 M), 42.55 (4-5 F), 61.35 
(6-7 M), 57.53 (6-7 F), 72.05 (8-9 M), 
97.28 (8-9 F). These results confirm the 
choice of contraction as the preferred prin- 
However, it must be kept in mind 


"iple. 
that ed most frequently 


that truncation was us 4 
by the group instructed to construct trunca- 
The overall superi- 
ority of contraction is mainly the result of 
its very heavy use in the contraction and 
truncation-contraction groups. Not sur- 
prisingly, the results of the truncation-con- 
traction group parallel closely those of 
Experiment I. Given a free choice between 
truncation and contraction (the conditions 
of Experiment 1), both males and females 
clearly preferred contraction for the shorter 
words, but chose truncation to abbreviate 


tion abbreviations. 
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OF ABBREVIATION PRINCIPLE, Worp LENGTH, 
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Instruction group 
EM 
Thorndike- Abbrevia- 
ve inei Pra Female 
frequency principle E. 
T c T+C | Toal r | c ypa | Toll 
Length 4-5 m. 
-2 T | — aa 
TE 0 0 2 a3 s 16 u 0 
25-49 I 11 2 E ) 0 10 
S 7 16 i 16 9 1 0 M 
TC 0 0 113 9 7 | os 0 
: 13 2 3 18 D 9 " 10 
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= -— d — TEN - le 
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1-24 "| | | | ———— —— 
: E | * | 4 22 " 1 ) n 
B: f 22 7 2 
25-49 Ic 1 Yi u4 | 3 | i 17 16 0 
an : 16 1 N 7g 0 0 0 18 
Te 2 12 i | % 15 0 E 28 
A T E 2 i n 3 14 8 
[o] 3 1 Y 0 4 4 24 
TC i 12 9 27 12 2 10 7 
AA T n. 3 2 a 3 | 16 í à 
C 6 > 6 ^ | 0 E 
TC 6 12 id 23 10 0 3 36 
0 1 0 30 7 16 13 5 
1 1 z E 
E os p d BRI. 
m Length 8-9 ——— 
-24 T Eu 
6 ae — 4 
C 0 4 1 
" TC Hu 18 12 10 | 13 0 1 37 
25-49 T fis 0 f E 5 18 M | 73 
$85 3l4i2|3[5 ais 
A ir 3 0 3 28 u 2 10 TI 
! 14 1 9 0 ; 15 0 30 
€ 4 13 0 0 A 2 
TC 17 = 28 15 9 Ja 2 
AA 75 0 5 5 k 2 5 3 
] 5 0 0 26 1 15 
C p 1 i 0 5 j 0 33 
TC f 17 : % | 4s E 13 20 
—— t 28 4 l DM 
9 ( 1 15 / 
‘et: Deme l4 . | '" | $6 | g$ b Mg 
Cs contraction; ang TC = eee MA €—À | 
cation-contracis 
the longer word Mraction, , 
: s. However i; ; E E a 
that within limits, s, v €5 it is also clear fe ciatio®, e 
to use particular se an follow instructions demonstrated a significant eer? 2 a 
A second anal b «evlation rules, es of the 3 x 3 tables, X? (4) “ol Ago. 1 
ship between word lemtated the relation. in (C), 51.14 (T +0), em was uc 
principle Gh. Coa T $i and abbreviation Was shown that contract aditions 4 
: C a z P, 
instructional condit; for each of q] erred except under the CO of 
nditions, ( hi-square i 1e scribed above ables 
are tests x * a 
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TABLE 4 


L ABBRE 
CY, SEX, AND INSTRUCTIONAL CONDITION 


ATIONS AS A FUNCTION oF WORD LENGTH, 


THORNDIKE-LOR 


Thorndike-Lorge frequency 
Instructional condition = 5 N p 
and word length Male | Female 
> " roa | iso & | Ax | Total | 1-24 | 25-49 | & | aa | Teal 
Truncation (T) 1 | | | | | 
63 2:08 | 3.28 3.21 | 3.04 2.79 | 3.64 | 2.83 
8-9 2.83 | 3.00 3.64 3.14 3.06 | 2.70 | 2.90 
Contraction (C) 3.64 | 53 | 3.83 | 3.75 | 340 | 3.14 | 3.17 
Hi 2.62 2.30 | 2.10 | 2.38 | 2.32 | 3.00 | 310 | 3:21 
- 9 4.06 4.04. | 3.88 3.88 3.97 3.50. | 3.83 | 3.61 
Dus 396 | 421 | 3.60 | 328 | 3.99 | 3396 | 417 | 4.00 | 
a | $36 | 290 | 2.50 2.70 | 2.88 | 2.50 | 
8.9 3.38 3.50 | 3.36 3.97 | 312° | 35:29 | 
E 3.02 3.83 3.30 490 | 425 | 4.10 | 
~ = ! = ——— (Ms 
T-L fre 
indicated oY and abbreviation principle consistent effect on the abbreviations. In 
| truncation. Aem nent association in the many cases, the number of abbreviations 
truncation aon = 22.62, p < Ol, and declined with increasing T-L frequency, but 
2 CNW m groups, X* (6) — there are also contrary instances or an 1n- 
Ondition x: (6 AT not in the contraction consistent trend. As in Experiment I, no 
! lon of the ines 6.00, p > .05. Inspec- analysis of this variable was performed. 
ww relative "e ae ec suggested that Word length, however, with one exception 
ait the same for all TL fr sent as did produce regular increases in the EC 
tion "traction group. In be "4 auod in number of different abbreviations. M 
the and kh al eis ] the trunca- rate chi-square tests of the 3 X 5 tanes or 
Tne Tuncation rule is n ua groups, word length and number of Hine 
E ly and the Guster Heed more fre- demonstrated a significant association Je- 
a ntly With incre: rax tion rule less fre- tween the two factors under all conditions 
ese ch easing T-L frequency. except one, X? (8) — 28.54 (M — T), 94.85 


$ aoa f (and lack of change) seem 
luare rend or the results of 
, nally 1 

ontinge no tests were performed on the 
Princi le y täble for sex and abbreviation 
(à l with sc the same words were 
jhe ing epend eros: and thus violated 
ip ‘ever, done assumption of chi-square. 
b. experiment a showed that, contrary 
E l'action s , females tended to use 
tone xn c ias more often than 
in Der Soa constructed an equal 
ci ji oe with the joint 

of im and contraction. 
in inen erent abbreviations. The 
NS ig Dres of different general abbre- 
of “sented in Table 4 as a fune- 
variables. The 


1€ ey : 
eXperimental 
oO NOME exa. 7 
nee again did not have a 


the chi- 


les o 
Un ber 


Te 
“dency 


(M — C), 27.61 (F — C), 32.65 (M — 
T+C), $6.40 (F — T -- C)» € .01. The 
exception was the abbreviations of female 
Ss in the truncation group, x? (8) = 7.97, 


p> .05. 
Differences 
tional conditions were 
Except in one case, | 
abbreviations was highe 
an in the truncation group- 
as found in the abbre- 
the 4-5 letter 


attributable to the instruc- 
also highly con- 
the median 


sistent. A 
r in the 


number of 
contraction th 
An opposite effect w 
viations of male Ss given 
However, the results of the trunca- 


words. nc 
tion-contraction group were mixed. The 
number of abbreviations was sometimes 


less, sometimes more, or sometimes inter- 
mediate to that of the other groups. Never- 
theless, chi-square tests indicated a reliable 
relationship between instructional condi- 
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ee E oe FREQ 


^ Fuxctios or Worp LEN TH, 
ENCY, AND SEX 


Thorndike-Lorge 


frequency 


Female 
Male | ] 
Word length a - | F pt 
1-24 | 25-49 | A AA | 1-24 25-49 = m | 
E | 10.20 12. me 
.0 11.13 10.27 | 1040 | 1340 ‘80 
r LEN N 1067 | 1373 | 1030 BS | 549 | f 
6-7 s 9.73 | 1053. | 1333 | 930 11.80 | 3j 
9s 7 | ON. mr 
m 
2d f writtel 
iati booklets were prefaced with a set © 
tion and number of different abbreviations, = oie = I a 
! 5 55 IMstruct ions. 3 — m 
1 AB) = 29,51 (5 tere gh e The Ss, run individually or in small g 
-7 F) 1629 (8-9 M) 35 
17.76 (6-7 F), 1 


(8-9 F), p< -05, in all c 
abbreviations constructed 
given 4-5 letter words, x? 
b > .05. 


ases except the 
by female Ss 
(8) = 14.72, 


EXPERIMENT II 


The last study sought to test 
quacy or validity of the abbreyj 
structed in the firgt ex 
an attempt w 
minimize idi 
quiring both persona] 
tions for each word finitive test 
would be provided by ; 

Teconstitute the stimulus 
abbreviations. 


the ade- 
ations con- 


Method 

Subjects, The Ss Were 45 male and 45 female un. 
ergraduate Students recruited mainly from intro- 
Uctory Philosophy and soci 


Were Paid $1,50 for Participati 
esign and Procedure. The plan of 
d Experi 


É Pt that the 

abbreviations rather than Words, In- 
dependent Ss (15 Males à d 15 emales) Were 
randomly assigned to each of the three wo 
conditions, while al] Ss i 


-L Tequency, 
he stimulus materia] consisted of th 
general abbreviatig, 


rd-length 
were given the fou 


parate a 
ployed with males 
Experiment I 
modal 
different abbreviati 
was chosen randomly, 
sembled in booklets ; arranged i, 
random order as the 


. ~ : i 
in Experiment Ie Tie 


iations constructe 
asked to examine a set of penis A word o. 
by other students and to write iba] T ier 
believed cach abbreviation represe the words dis 
Were told the number of letters in < They W a 
that the words were common ngur d sure or We 
encouraged to guess if they were n 


and 


cedures 
r proced 
uncertain about a word. All aruer I 
Conditions were the same as before. 

Results 


> number 
The dependent variable was are 
Of correct reconstructions * 
each S in the three hac é 
Zach word length contained Me 
tions, divided equally among pon 1 
of T-L frequency (18/level). in each CO" 
the Maximum score of each 5 L frequen? 
bination of Word length and T- rrect n 
Table 5 Presents the mean yee T. 
Structions as a function of se ana - 
quency, and word length. An sant difa 
variance indicated that SEE (We), 
ences were produced by word 01; sce as 
84) = 10.91, p < TL freaen 
F (1, 84) — 17.99, p < 001; rs "n 
(TL), F (3, 252) — 67.16, b | 
WL x S, F (2 84) = oe p 2.99. 
, X 7 "E if , - 


lysis © 


a the 
With some s Ur E 
Were superior to the male in 
lengths, but especially so 


xg 
. T-L ire 
letter Words at the lowest ses was 
(10.40 ys. area and 
medium-length pm 8-4 
' Worse for the 4-5 2 


ag Oll 
Snoring the males 


Fequency 4-5 letter words, the mean per- 
Ntage of correct reconstructions was ap- 

ee mately 67% at all word lengths. 
flee = large apparent variability in 
on re the most striking finding 
D ease ; ro reconstructions tend to 
ing TL pd systematically with increas- 
GONNA been: for both males and 
a es Ea sex and word length, 
-L effect ranges from 53% 


Correct y 
ct reconstructions for the low-fre- 
Qquency 


Nearly 
Crease 


smaller with the 6-7 letter 
' and just about 20% for the short 
Y l'hese differential effects of word 
ans T-L frequency are responsible 

Significant TL X WL interaction, 


is ordinal 
Sordin h 


Words, 


o bore, quite complicated 
Producin 1 "s ac tor is considered, thereby 
sea” f significant triple interaction. 
ittle iubes superiority of the females had 
l ency, | ence on the effects of T-L fre- 
Word-ien sir considerable influence on the 
the ane effects. In general, despite 
Major " 2 of the statistical analysis, the 
Ment o k Ing was the systematic improve- 
r bp ee with increasing 
le an y. The other variables and 
Prog fee interactions acted mainly to 
variability in this finding. 
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In l 
10 ice 
leggi, z Ex 


“RAL Discussion 


i 
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l 
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: ‘organ Land II, the systematic 
mising nd te of letters with in- 
ce teas pereti apparently reflects the 
i Words, eed of longer words. With 
Ts Would ice Br more than one or two 

oduce an abbreviation nearly 
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Ss to bott 

Ns, W 1 the creat a ar 
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: M hs actual number of 
figo our one [i abbreviations increased 
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4, COnditi 
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frequency words require a somewhat greater 
percentage of letters than high-frequency 
words suggests differential familiarity effects. 
The Ss, being less familiar with low-frequency 
words and letter combinations inherent in 
these words, retained a larger percentage of 
the letters to protect the abbreviations from 
misinterpretation, and thus ensured that they 
would be meaningful to themselves and others. 
With A and AA words, these problems are less 
critical and a larger percentage of letters was 
omitted. On the other hand, despite the 
statistical differences produced by the fre- 
quency variable, the small absolute difference 
(about 5%) between the 1-24 and AA words 
is probably of little practical value. 
Although the contraction principle 
clearly preferred under the free-choice condi- 
tions of Experiment I, truncation was ex- 
tremely important with the longer words. 
Truncation was apparently more popular with 
the longer words because the ends of the 
words were more predictable than the middle 
sections. Being more predictable, removing 
the end letters produced less degradation than 
deleting the middle items. However, the 
question may be asked why the ends were more 
predictable than the middle of the words. 
In an analysis of intraword constraint, Garner 
(1962) distinguishes between unilateral and 
bilateral constraint and states that the latter 
is the more important for the understanding 
of language. In the bilateral case, sequential 
constraint is greatest in the middle and least 
at the ends of a word. Constraint is maximal 
for middle letters because these letters are 
influenced by both forward and backward 
relations with other letters. In contrast, uni- 
lateral constraint, the constraint exercised 
from left to right in a word, grows (to a 
maximum of 50%) as a function of increasing 
word length. Furthermore, unilateral toi 
straint can theoretically be only half as great 
as bilateral constraint. Given the O 
of bilateral constraint and given A ond 
conditions of Experiment I, all abbre- 


was 


choice Needs 
viations should have followed the santaren 
principle. And yet, the preferred use o 


r words implies that 
al rather than bi- 
nt I, in- 
ion rule, 


truncation with the longe 
the constraint was unilater | 
lateral. In addition, Ss in Experime 
structed to use a particular abbreviati 
seemed able to overcome their own preferences 
(assumed comparable to those exhibited in 
Experiment I) and the effects of word length 
and T-L frequency. All these findings raise 
doubts about the applicability of the con- 
straint model to word abbreviations. How- 
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; the model cannot be rejected Decause 
et variables may have influenced Ss choices. 
eol vine the use of truncation with the 
INC gne diss be greatly dependent on the 
ehi redundant suffixes commonly employed 
d jb English words. Many ^ um 
letter words did indeed possess such su : e 

contrast, the 4-5 and 6-7 letter words ha 
os such endings. Although. further work 
would be necessary for a convincing demon- 
stration, the suffixes are vell organized and 
integrated as linguistic. units, and thus are 
good candidates for omission in the construc- 
tion of abbreviations. With shorter words, 
contraction is a sensible rule because it dic- 
tates the removal of highly constrained and 
familiar units such as vowels and bigrams, 

Because they are constrained and occur very 
frequently in everyday English, their omission 
has little effect on the meaningfulne. 
abbreviation. Given the 
of the constraint model wit 
viations, it would be u 

whether the same proble 


struction of abbreviations for other Materials 
such as sentences, Does the model fail only 
with truncation abbreviations of words or does 


it have problems with other stimuli Subject to 
abbreviation? 


Variation in the number of 
viations was mainly a function of word length, 
with a greater variety of abbreviations pro- 
duced by the longer words, Presumably the 
longer words offered more opportunities for 
the omission of noncritical letters than did 
shorter words. Often, for à given Word, the 
differences among the abbreviations Were the 
result of omitting a two-letter vs.a three-letter 
suffix or omitting a common suffix Plus one of 
Several interior letters, The Possible ways 
of deleting letters are simply More numerous 
in long words, and it is not Unreasonable to 
obtain a greater variety of abbreviations. 


On an absolute basis, the reconstruction 


efforts in Experiment II were Not spectacy| 
but, given € abbreyj 


the variabili 
lons see 


SS of an 
apparent difficulty 
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ably the one 

reasonable strategy, and Ladies m as 
with which Ss have had "E cee 
language users. However, in ue js just not 
of abbreviations, T-L Frecuieney uidance in 
very relevant; it provides little ut length is 
the deletion of the letters. a abbrevia- 
much more important because io tion in the 
tion, by definition, requires a red d" abbrevia- 
total number of letters. A‘ = + of letters 
tion is one with the fewest pape SES 
and which is still meaningful to ape 

Not surprisingly, aro yse designe ^ 
use require fewer letters than Sel in the 
for other persons, but the close ES on was 
functions of the two types of enne pose à" 
not expected. The parallel caer more 
interpretative problem which X yr. On b. 
difficult by a methodological He simila 
9ne hand, the results suggest abbreviation’ 
Processes govern both types of ae also Des 
However, the parallel functions p to produc 
consequence of. asking the r gate time 
both types of abbreviations at t AR te the co" 
Another study is needed to pun presen. 
founding Which occurred _in ee studie? 
Studies, "The sex differences in all t They may 
are also ed vie 
genuinel 
that fe 


nal 


1 

1 ales 
superior to m the € r 
may be artifacts of fo 


"aser 
atter cas! 
In the latte ations I7. 

pably 

" 
enc 
the 


dures. breviz 
example, the use of separate ab H is pro 
the two sexes in Experiment H „d differ 
responsible in part for the esee n in 
and for the tremendous yvariabill!) 
Overall results, ao ff 
These studies were begun in ing 
Some practical questions pem e TM. 
Way to abbreviate everyday wor E prov 
Some tentative answers have bee! also 
the study of abbreviations may their 
theoretical value. In addition a 
Vance for Garner's (1962) Cae ppro The 
esis, they may provide another eases owed 
the investigation of coding proces v 
Construction of abbreviations bur 968) 
asa recoding or chunking process rdock» ntf? 
to reduce code redundancy (Mu d on C ine 
and thereby. minimize the demi a Ss i ol 
Processing Capacity. The fact letters ME 
Present studies used only 3-5 nsisting nap? 
Struct abbreviations of worde ao ign 
Ctlers js consistent with a ma ee jo" 
more importantly, the study e info once 
i might produce perse 
about what Ss actually do whe » 
a Word for Storage and e ied 5 
lasks, Mthough it is clear tha 


espons 
th 


ny to 


hich 


lions 


"s 


M of stimulus attributes in performing 
4 1970). y (Underwood, 1969; W ickens, 

to E i may be sufficient in many situations 
n p y n some of the elements, i.e., 
E s breviation. Furthermore, abbre- 
well ded pe codes have the virtue of being 
E End and understood by most users 
eny Se, oe Chis suggestion does not 
only ars a hi to use various attributes, but 
employ aa fae the typical S may choose to 
cedures ke simple and obvious coding pro- 
ne can be en given a free choice. And lastly, 
results of QURE that, despite the imprecise 
i experiment III, S-generated abbre- 


Vlatior 
Bere Ns probably have considerable potential 
etrieval cues. 
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when the modes of presentat 
are different than when 
are not simply due to 
was concluded that au 
encoded differently an 
store. 


‘as reversed 
addition, it 
ion of the d 
those modes 
compensatory 
ditorily and vis 
d that the locus 


ch 


The encoding of verbal 
been intensively studied in 
years. One topic of Particul 
encoding in short-term memo; 
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scriptions of short-te 
& Shiffrin, 1968; 
ever, there is 
the 


materials has 
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at the beginning of each tria 


are the same, and th. 


ually presented y 
of these differ 


stigate the Previously reported — 
rence following a shift in mode of 
he asymmetry was not changed by 
but the 
anging the mode of presentation 
ound that overall recall is better 
tor and to-be-remembered items 
at changes in recall 
task performance. It 
bal materials can be 
ences is in the short-term 


by ch; 
was fi 
istrac 


"anges in filler- 


not 
are encoded differently they should P 
interfere with one another; thus, ‘rodtice 
from one mode to the other should proc 
a recovery from 
Hopkins et al. 
present 


any accumulated 
found that a shif Is pro 
ation following three V a T or- 
duced an abrupt improvement Aet 

mance, consistent with the hypot ver, 

Modality-specific encoding ; "direction 
comparable shift in the A to V pp 49 
id not Produce the release from ncodin& 
"35 pointed out in that article, ectec d 
ifferences could hardly be e P rect 
Produce a release from PI in one direc 
but not in the 
release 
ential enco 


A 


jon: 


ding of A and \ 
another factor must be involved. 
Periments reported here were d ing 
termine the variables prod owing 4 
‘symmetrical release from PI fo 

Mode shift, 


1€ 


EXPERIMENT | 


ted. the 
Hopkins et al. (1971) sugges ssib 
“attention hypothesis” as ue t 
explanation for the asymmetrica! aft 
TOm PI in their experiments. to V "a 
(0 this hypothesis, Ss in the A the V on 
condition Stopped attending to rials Vin 
play after Several successive ^ : shift gif 
though Warned initially that hypo Pr. 
modality. might occur, If this "Yi i, 
Were 


a 
ot hi 
Correct, many Ss would n 
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M ne V materials of the A to V shift 
ted EA could not have demon- 
Bernal ES release from rt. Although in- 
E oet TM of the earlier data did not 
RSE tested = atenton hypothesis, it was 
t we irectly. In this experiment, an 
fended to E: made to insure that S at- 
imply inf the visual display. He was 
trial of tl omnea at the beginning of each 

1e mode of presentation to be used. 


Meth > ` n 
in Eie oe S received four successive trials 
conditions of c Nus retention task. The 
Over the first ae y remained constant for each S 
Shift trial tei MM trials. The fourth trial was a 
Four desee or release from accumulated PI. 
orial cohen groups were formed by the fac- 
and mode m ion of mode shift (present or absent) 

pis pessomtian on the fourth trial (A or 
of these of letters will be used to designate each 
to the io epe ied The first letter (A or V) refe s 
the second ee oe on the first three tri 
ion on the es pd V) to the mode of presenta- 
TS einai study items were triads of 
Montague Meer names from the Battig and 
Prepared by j 69) norms, Two different lists wer 
the dy independently forming four triads fom 


word 

ac »ool ; "m Mae 

Across made, these lists were counterbalanced 
elated į ns. The members of a triad were not 


an s, 
T an , " 
Membership) Y obvious way (other than category 
Was appro? and the mean normative frequency 
dis Fadiog pg eg the same for all triads. The 
Andomly ed materials on each trial RES a 
le p, ected series of six si: igi : 
S Pool 3H, i, 45. and is: signed digits from 
E ti Bresestel is oa 2. Whena +1 ora 
Ora +42 w; ed, S was to say “A,” and when à 
Fi All V mat was presented, .S was to say Be S 
on Screen gras were presented on a reais roj 
8 Ctors, ‘Await alternating Kodak ad eed 
a that ail X jary knife shutters were peopmiied 
Proxima te]y. hip were of .5 sec. duration 
Materi he durati stir i s 
he Paterials w ation of the A stimuli. T 
i als were muli. The 
thors en presented by C i 
Eycironi e The A and v? sie rM i 
gran ized by à dii presentations were 
der Stored on th igital programmer with the pro: 
tek, 3 e extra ch: a 
» E a annel of t T 
ER &. tenever sr dedic i stereo tape 
; lashed onis M s presented, a blank 
rial begai ; - 
wl Degain with a warni i i 
of tke mode of ng signal which 
For V vs presentation for the up- 
Wiesenfed e ials this signal was the word 
simultaneously on the screen 


T the } 
] headpho 
y" nes; h ials 
Was pre ; for A trials the word 


Com: 5d S 


ata time ati 
"he ist B at intervals of .75 sec., onset 
flle. he onset E iller item was presented .75 sec 
See. tems were th the last study word. The six 
Gan c n End at intervals of 2 
S, the fili Asin the Hopkins et al. (1971) 
er items were presented in the 
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3 


Mean Number Recalled 


Trial 
Fic. 1. Mean recall performance on Trials 1 to 
4 of Experiment I. (A = auditory; V = visual; 


first letter = mode of presentation on T rials 1 to 3; 
second letter = mode of presentation on Trial 4.) 


V modality on all trials. After the last filler item, 
the word “recall” was presented on the screen and 
Ss had 2.50 sec. to say aloud the three study words. 
There was no intert interval; the warning signal 
for the next trial was presented immediately after 
the recall period. This procedure was repeate 

without interruption for four trials. 

The S was informed that once à 
tested it would not occur again. He was also in- 
structed to recall the words in the same order as they 
had been presented, and that he could guess if 
uncertain. 

The Ss were 128 Washington State University 
undergraduates who participated in partial fulfill- 
ment of the course requirements for introductory 
psychology. Thirty-two Ss were assigned to each 
of the four groups according to a block-randomize 
ordering. 


triad had been 


Results and discussion. Errors in order 
of recall occurred on only 6.4% of the 
occasions where there was possibility for 
order error, SO only item recall will be con- 
sidered here. The mean numbers of words 
correctly recalled are presented in Figure 
1 as a function of trials. Performance on 
Trials 1 to 3 was analyzed first. As may 


be seen in the figure, recall declined 
markedly from the first to the third trial, 
F (2, 248) = 104.05, ? < .001, indicating 


rapid development of substantial PI. The 
only other significant source of variance 
was that A items were recalled better than 
V items, F (1, 124) — 22.65, p< 001. 
This difference is consistent with our pre- 
vious results (Hopkins et al., 1971, Experi- 
ments I and lI), as well as with the differ- 
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, ine ' other investi- 

rm Cw de s ee 1969). 
iad E the shift results from Trial 
4 seid ordinarily involve the comparison 
f Condition VA to its control, Condition 
AA and the comparison of Condition AV 
to its control, Condition VV. However, 
this analysis could be misleading because 
the apparent Trial 4 superiority of Con- 
dition AV to Condition VV may be entirely 
due to carry-over from the main effect of 
mode on Trials 1 to 3. € onsequently, ab- 
solute release from PI was evaluated by 
using recovery scores. The recovery score 
was computed for each § by subtracting 
Trial 3 recall from Trial 4 recall. The mean 
recovery scores may be estimated from 
Figure 1 and are 1.03, —.06, —.41, and 
—.13 for the VA, AA, AV, and VV coi- 
ditions, respectively, The only one of 
of these mean recovery scores which was 
significantly different from 0.0 was th 
Condition VA, 1 (31) = 4.30, p 
is concluded that under these 


there is a release from PI for 
but not for an 


at for 
X.001. It 


conditions 


analyzed. }\ 
that decreme 
as the devel 


was also 
1S suggested 
1 recall, such 
' are often 
ormance 


ac- 


amined, 


the filler task 
4.44, and 4.53 for Trials 1t 
The performance ; 
significant, F (3, 372) = 9 


However, this improvement 


been due to general Practice 
than to the experimental 
This is evidenced by the f. 
shift nor Trial 4 mode Was ; 
source of Variation, either į 

or in interaction With trials, 
velopment of PT might be 


seem 
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5 sification 
corresponding improvement in can T 
performance, but the modality A en due 
the release from PI cannot hee ps filler- 
simply to compensatory changes i 

task performance. 


EXPERIMENT II 


iments had 
Since all of our previous epi the 
used an interpolated task presented ly de- 
V mode, this experiment was sip nea 
Signed to assess the role of filler n ber 0 
in this situation. There are a Hun ractor 
indications in the literature that d Rn it 
task interferes more with Ren b study 
is presented in the same mode as Srerractt 
items than when the study and eti 
modes differ (Kroll et al., 1970; ^ a pre- 
1967; Parkinson, 1972). Thus, it we ‘effect 
dicted that the direction of the ign filler 
of modality would depend upon the 
Modality ; i Ead 
that the filler modality might influe 
asymmetry in the release from PI. 


| „d likely’ 
furthermore, it seemed the 


rare for! 

Method, Fight independent groups ee tis ag 
DY the factorial combination of mode s the shift 
or absent), mode of the memory items de (A. or ; 
trial (A or V), and mode of the filler es usly wi i 
This Experiment was conducted simultaneo terials 
Experiment I, with only two diff Í real 3 
and Procedure, First, the warning sig! the å 
beginning of cach trial was replaced n ol eRe 
"study" for continuity with the Joce ker Le 
kins et al. (1971) Second, the filler’ p= sore 
Presented in the assigned modality via 
9r headph 


T. 

x the 1 
E srbalized ec 
ones. The S always verbal * 
SPONSE to each filler item, 


rom the same 
Were randomly 


ences in ny 


re selec 
The 256 Ss were 


and 

Pool as for Experiment sht grow 
assigned to each of the cig iment 
Results and discussion. Asin mt^ e 

' Order errors occurred on only sidered 

the °PPortunities and will not be m pre 
further. The mean recall scores ? or the 
Sented in Figure 2, with the adco aller 
` filler in the left panel and for bia H 

in the right. panel, MORIENS. I 
Cata for the development of M 
first three trials Wis 
r mode, rag ane ^, W E 
and trials as variables. Useless 5 
eclineg across the first three era! «qm 

Q, 496) = 157.48, p < .001. a an W 
call was better with the V filler a 
the A filler, F (1, 248) = 16.94, Peset 
and recall was better for words I 


s 


|] 


Caii x M P Ems 
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3 p= 
Filler 


Visual 


m 


Mean Number Recalled 


T E T= 


Auditory Filler 


Fic, 2. 
(A = auditory; V = visual; 


fi 


Trial 


Mean recall performance on Trials 1 to 4 of Experiment II. 
t letter = mode of presentation on Trials 1 to 


3; second letter = mode of presentation on Trial 4.) 


i 
2 the A mode than in the V mode, F 
Ji a =871,p< .005. However, pre- 
"t 2n mode and filler mode interacted 
Y, F (1, 248) = 33.40, p < .001, such 
' filler, recall of A items was 
^ an that of V items, X (1, 248) 
2 p< -001, but with an A filler, 
of V items was better than that of A 
(1, 248) = 4.00, p < .05. This 
On supports the findings of other 
Mmo xs that à distractor interferes 
in the i ! retention when it is presented 
ae mode as the study item. Un- 
Wem P) there was also an interaction 
7 6.86 er mode and shift, F (1, 248) 
Action | p < .01. The nature of this inter- 
Soupe Was such that the recall of shift 
i c» d 1.21) was poorer than that 
T zrou XY = 4 
tt condition ps (X 1.44) for the A- 
for ,, OF the 


Or 
un; 
be n: 


, but that the reverse was 
he shin V-filler condition (X = 1.63 
-shift tee groups and X = 1.53 for the 
tit ioti iq pe. Since the shift and no- 
E Brat ios were treated identically on 
A da trials, the differences must 

thoy Sampling error. Furthermore, 


uz 1 this ; 8 

ae the us interaction may have atten- 

pu iio release from PI in the A-filler 
"digo ^ 2nd enhanced it in the V-filler 


acen, Ons , : 
oj Unt ML almost certainly could. not 
‘neq on The pattern of results 
lal 4, 


Turning to the shift data, the recall 
scores from Trial 4 were analyzed with 
presentation mode, shift, and filler mode 
as variables. The three-way interaction of 
these variables was significant, 7 (1, 248) 
= 11.94, p < .001, so the data were ana- 
lyzed separately for the V-filler and for the 
A-filler conditions. With a V filler, A pre- 
sentation of the study words produced 
better recall than V presentation, F (1, 124) 
= 54.04, p < .001, and a mode shift pro- 
duced better recall than no shift, (1, 124) 
= 10.46, p < .005. However, as shown in 
Figure 2, the shift effect was confined en- 
tirely to the VÀ condition, resulting in a 
Mode X Shift interaction, E EM pcm 
10.46, p « .005. For the \ filler gx 
the results confirm those obtained in xs 

i i i - earlier experiments 
periment | and p parar: 
Hopkins et al., 3 an / ; 
v OU: of the study words produced 


ati r 24) 
= 5 an A presentation, F (1,1 
better recall than À p drop e 


= 5.11, p < .05, and a : : 
better recall than no shift, 7 Us p 
— 16.55, p « .001. In this case, t^ 


Mode X Shift interaction was not reliable, 
F (1, 124) = 2.95, p= .09. However, 1t 
is apparent in Figure 2 that recall was 
better in Condition AV than in the VV 
control, F (1, 124) = 16.74, p < .001, 
whereas recall in Condition VÀ was little, 
if any, better than that in the AA control, 
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F (1, 124) = 2.76, p > .10 These results 
were confirmed by analyses of the Trial 4 
minus Trial 3 recovery scores. For the V 
filler, the mean recovery score was signifi- 
cantly different from 0.0 only on Condition 
VA, t (31) = 836, p< -001; for the A 
filler, the mean recovery score Was signifi- 
cantly different from 0.0 only in Condition 
AV, # (31) = 5.56, p «.001. It is con- 
cluded that an asymmetrical release from 
PI is obtained with both an A filler and a 
V filer, and that the direction of the 
asymmetry can be manipulated by chang- 
ing the mode of the filler task, 
When pooled over shift conditions, the 
mean numbers of correct responses to the 
A filler items were 4.02, 4.12, 4.26, and 4.28 
for Trials 1 to 4, respectively, The cor- 
responding means for the V filler were 3.78, 
4.26, 4.46, and 4.53, respectively. Filler 
performance improved significantly as a 
function of trials, p (3, 744) = 12.25 
P « .001, and the rate of improvement Was 
greater for the V filler than for the A filler 
F (3,744) = 2.79, p < Qs. Although filler 
performance was slightly better for con- 
ditions receiving V Presentation on Trial 
a than for those with A Presentation 
F (1, 248) = 6.58, p < 025, none of the 
other main eff i acti ja * 
liable. "Thus, the [aser ds Wis re. 
S, the release from PI cannot 
be due to a simple compensatory relation- 
ship between retention and filler perf, 
mance; the improvement in filler a a 
mance probably resulted f, aa 
practice effect whicl nea sentral 
ch was Somewhat more 


Pronounced for the V-filler 
1 task 
the A-filler task. B n ap 


GENERAL Discussiox 


The results of t 
ably clear: (a) TI 


hese experiments are reason 
from PI followin 


ne earlier findj 
) ga VA shift, b ES eres: 
shift, can be replicated, (b) ihi ass 
is not changed by warning § of the 
presentation at th i 
that is, the attenti ‘pothesis js 
(c) The direction of asymmetry d: 
) completely rey, 
senting the interpolated task in the ; 
rather than in the V ; 
distractor task is presente \ : 
interferes more with the retention of. \ es ` 
4 emory 
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items than with V items; presenting the dis- 
tractor task in the V mode results in Es 
interference with V memory items than "s 
A items. (e) Changes in recall cannot in 
attributed simply to compensatory changes i 
performance on the filler task. ‘tors 

It is assumed that items which do not inte e. 
fere with one another must, to some v 
tent, have different memorial Vépresente nri 
Given this assumption, the present re 
Suggest that A and V materials are, at RE. 
under some conditions, encoded different ns 
That is, there are two different indica 
that intermodal interference is lower thay res 
tramodal interference. First, recall is W 
when the modes of presentation of the a 
tracter and to-be-remembered items are di me. 
ent than when those modes are the i 
Second, under appropriate conditions, a re the 
from PI is obtained following a shift a 
mode of presentation of the memory ent 

An important question, of course, is the tions 
of these effects. The theoretical implies E 
Would seem to be most interesting ve are 
Processes producing the observed iain 
in the short-term Store. It is reasona jer 9 
eliminate a precategorical store [ero 
Morton, 1969; N ser, 1967) as the Powter” 
ocus on the grounds that the retention ri y 
vals used here exceed the lifetimes ordi! rica 
associated with items in these precaleeh n y 
stores, other hand, it has been from 
€ portion of the elses à 
Observed in this paradigm 
"term as opposed to a 972): 
(Hopkins, Edwards, & Cogas ry E 
' Craik and Birtwistle (1971), ane E 
frec-recall Procedure, concluded that © erm 
sase! ftom DT is due entirely to long heo" 
Processes. Nevertheless, most memor? short 
rists assign rehearsal processes to n 1 
term Store, and the results of Exper a ect 
clearly show that a variable which a 
rehearsal—the nature of the distracto m ri 
435 a profound effect on the release oce 
Thus, in Contrast to the free-recall ioe d 
the release from PI obtained in the v ding 
distractor task and any inferred process 
differences primarily seem to reflect I 
Operating in the short-term store. cen 25, core 

hese experiments, then, are fake diffe ^n 

dence that A and V materials can h@ memo, 
sie. Tepresentations in short-ke and, 
Nis is üpf t) say spot an auditory g 
articulatory code does not play à ^ tha 
In verbal short-term memory, Greve. na E 
vade for V items is visual or imagina ^ yal it 
It is simply suggested that not all ve 


kA 


evi" 


1 


ar Miche 

M rond as though they had been presented 

m he À mode, and that theories of memory 
need to take account of this fact. 
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trial stimuli. The reason for this restric- 
tion is that to obtain information as to 
which redundant cues are being used, the 
blank-trial stimuli have to dissociate the 
relevant cues, and the blank-trial stimuli 
would differ from the feedback-trial stimuli 
and would not follow the RRC rule. These 
differences may provide new information 
to S even though feedback is omitted. The 
blank-trial assumption, if true, predicts 
that the composition of the blank-trial 
stimuli should not affect the solution of the 
problem since S does not modify his H set 
on the blank trials. Any differences in the 
distribution of solution types for a two- 
RRC problem as a function of the nature 
of the blank-trial stimuli would invalidate 
the extension of the blank-trial procedure 
to RRC problems. The purpose of the 
present experiment was to train groups of 
Ss on a two-RRC problem and intersperse 
blank-trial stimuli of different compositions 
to determine their effects, if any, on the 
solution of the problem. 


METHOD 


Subjects. A total of 494 undergraduate students 
enrolled in introductory psychology courses at 
Indiana University participated in the experiment 
as part of their course requirements. 

Apparatus and materials. Stimuli were drawn on 
transparencies and projected on a screen by an over- 
head projector. Each stimulus was one combina- 
tion of four binary dimensions: (a) shape (triangle 
or circle); (b) position of a dot (upper or lower half 
of the stimulus); (c) center sign (plus or minus); 
and (d) border (solid or dashed lines). E 

Procedure. The Ss were run simultaneously in 
groups of 5-73 in a lecture hall scating 100. Re- 
sponses were coded by Ss on optically scored answer 
sheets. Standard instructions for redundant rele- 
vant cue conditions were read (Trabasso & Bower, 
1968, pp. 72-73), and instructions for the blank- 
trial probes were like Levine's (1966, P- 333). " 
brief, Ss were told they could learn a rule that van 1 
enable them to solve the problem and correctly 
classify each stimulus into one of two ed 
alpha or beta. "They were cautioned that feed! ae : 
would not be given on each trial, but that they 
should respond on every trial even if they were only 
guessing. A sample stimulus was projected and E 
pointed out the two values of each of the four di- 
mensions. The Ss were told that the correct rule 
involved only the stimulus dimensions just de- 
scribed to them. The order of stimuli was random- 
ized for each group of .5s. 

In every condition, .5s received 96 trials, 48 re- 
inforced trials and 48 blank trials in double alterna- 
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TABLE 2 


Test-PHase Data : DISTRIBUTION 
OF SOLUTION TYPES 


No. of redundant relevant cues learned 


Condition 


| 

.161 347 492 

119 305 576 

-134 516 .350 

Conflict .191 573 331 


all but one of the questionnaire items. 
When asked which cues they had used to 
solve the problem, the groups differed, 
x? (6) = 21.42, p < .005. The question- 
naire responses were similar to the results 
from test trials except for Ss in the omit 
condition. The test-trial data from the 
omit condition showed only .404 Ss who 
learned both cues, whereas in answering 
the questionnaire, .592 claimed to have 
used both cues. (This proportion was only 
slightly less than the 62% of Ss in the 
consistent condition who reported they 
learned both cues.) 

More detailed analysis showed how Ss’ 
understanding of the experimental situa- 
tion affected responses. In the conflict 
condition, the two redundant cues were 1n 
opposition on blank trials. Of Ss in that 
group who used both cues, .566 reported 
that they believed the blank trials were 
irrelevant and ignored them. Of one-cue 
solvers, only .287 responded the same way. 
Generally speaking, except for two-cue 
solvers in the conflict situation, a majority 
of all groups believed that their blank-trial 
responses were correct. j 

Approximately 30% of Ss in each ads 
dition reported that they ignored the blank 
trials, while 55%-60% reported they be- 
lieved that their blank-trial responses were 
correct. A large minority of Ss in each 
condition (3965-4795) reported that they 
modified their H set in some way as à 
result of the stimuli they viewed on the 
blank trials. While those distributions of 
responses did not differ among the four 
conditions, they all contradict the blank- 


trial assumption that the H set 1s not 


modified. 
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These questionnaire re- 


1968, pp. 85-86). 
with the blank-trial 


sponses are in accord 
assumption. 

Treating blanks as positive feedback would 
also result in a slightly increased error rate in 
the omit condition as was observed. The 
single-cue-condition mean errors should not 
have differed from the mean of the consistent 
condition, however, since relevant cues were 
not discarded. It is possible that deleting cues 
on the blank trials disoriented and confused Ss 
(at least early in training) in both the omit 
and single-cue conditions. Such a disruption 
would not have affected the observed distribu- 
tions of solution types, but could cause S to 
make an extra error. This notion also raises 
the possibility that if more detailed instruc- 
tions or pretraining on the deleted blank-trial 
stimuli had been given in the present experi- 
ment, single-cue stimuli might have been found 
to be a valid tool for measuring H-testing 
behaviorin RRC CI problems as Berger (1970) 
showed for a simple CI problem. Single-cue 
stimuli provide no information to the 5 who 
eliminates Hs on blank trials, but they can tell 
E which Hs S is tracking. 

When new information is provided on the 
blank trials, either in the form of new stimulus 
configurations or in the contrast with feedback 
on other trials or in the information value of 
the feedback (Buchwald, 1962; Spence, 1970, 
1972), blank trials have been found to affect 
learning. According to Levine's formulation 
of the blank-trial law for the simple CI situa- 
tion, blank trials should not affect learning. 

Two aspects of the present results that are 
not consistent with the present assumption 
that Hs are processed on blank trials exactly 
as on positive-feedback trials are the 2905-3196 
of Ss in each condition who reported they 
ignored the blank trials and the conflict-condi- 
tion Ss who learned both RRCs although they 
did not ignore the blank trials. 
(1970) finding 
at blank 
ack 


reported they § 3 
This is in accord with Spence s 
that while the great majority of Ss tre 
feedback as equivalent to positive feedb 
(or negative feedback in right vs. blank) a 
minority treat blank feedback as conveying 
no information. It is clear that either due to 
individual differences, training histories, etC- 
Ss will be found who adopt different strategies 
in the problem. In this experiment there was 
minimal manipulation of 5's sampling strate- 
gies or the informational value of blank trials 
either by pretraining or instructions; yet 
almost all the data indicate the majority of 
Ss both tracked several Hs and treated blank 
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and positive feedback as equivalent in every 
Ci Mm (1970) stated with reference to 
ie Saine H vs. majority rule alternatives, 
“ the evidence suggests that subjects use either 
rule and it is the task for future gegen 
determine when each occurs [p. ag E. s 
present experimental results can only be added 
as a caveat that the situation be set up so as to 
allow a behavioral differentiation of the alter- 
native styles and strategies that Ss may adopt. 
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S-R COMPATIBILITY, 
RESPONSE CODES IN 


RESPONSE DISCRIMINABILITY, AND 
CHOICE REACTION TIME? 


HARVEY G. SHULMAN? axnp ALAN McCONKIE 


Ohio State University 


The effects of S-R compatibility and response 
reaction times were studied by manipulating both S- 
The effects of these two variables were equal 


ensemble of required responses. 


in magnitude and almost perfectly additive. 
terms of spatial transformation rules, as other 
present results implied that interresponse relationships are re 


motor codes. 


CR ome of experiments beginning in 
Ernst vea xe te the importance 
3 ani dility relationships for the rate 

ation transmission in speeded 
eR ier. (Fitts & Seeger, 1953). 
ie rat the interaction of stimulus 

se ensembles was at least as 


Impo 
rta as ei P 
pe int as either of the two taken inde- 


Ndently s 
atly. He called this. phenomenon 
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Pairin, compatible any stimulus-response 
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RBS on s More separate response pri s 
1945 Concurrently . . . [Fitts & Briggs, 1959, 
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Space Offic 
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dens s yields a high rate of informa- 
Transmission when compared to other 


Ssib] 
& mana È ; 
illnd of the same stimuli and 


Suy to the notion of S-R compa- 
e S-S and R-R compatibility 
ts defined as follows: 


mulus. si: : 

Never peu (S-S) compatibility effects arise 
Sory in oe more different stimulus codes or 
Ponse. ee are employed simultaneously. . . - 
t *sponse compatibility effects y 


arise when- 
sses are 
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discriminability on two-choice 
R mappings and the 


If S-R mappings are coded in 
evidence suggests, then the 
presented by 


Research on divided and selective attention 
as well as Garner's (1970) work on in- 
tegral vs. separable stimulus dimensions has 
yielded insights concerning the basis of 
S-S compatibility, which may be con- 
sidered along such dimensions as discri- 
minability and separableness. Response- 
response compatibility has been less well 
documented, however, and only recently 
has the effect of relationships between 
members of the same response ensemble 
come under investigation. 

Fitts (Fitts & Briggs, 1959; Fitts & 
1953) began to expand on his 
efinition of compatibility when 
theoretical interpreta- 
tion of reflecting the complexity or number 
of recoding steps required in performance 
of a given task. 'The nature of these re- 
coding operations was not specified by 
Fitts, but recent literature has begun to 
examine this issue, Experiments reported 
by Simon, Hinrichs, and Craft (1970) and 
Wallace (1971) were both concerned with 
the nature of the code which i Pa 
mapping of stimuli into uiae d 
possible forms of such a code are 2. à vn 
it is spatial in the sense of co ue es 
positional relationship between each € i 
ment of the stimulus display and its as 
signed unit of the response device, OT v 
that the code is motor in the sense O 
coding the relationship between each stimu- 
lus and its assigned response member (eg 
the right index finger). Both of the afore- 
d studies found evidence favoring 
although Simon et al. 
nsistent with the hy- 


Seeger, 
operational d 
he placed on it the 


mentione 
the spatial code, 
also found results co 
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thesis of an additional peli som of 
ka des in their second experim i 
Dinh ea to central codes, Posner an 
ee k (1972) have noted that the time to 
or correct response should be in- 
em ke by the tendency of a stimulus to 
o iuh EE motor programs, that 
E o which have a relatively large 
S bo of components in common with the 
sand representing the correct response. 
The present experiment was designed ad 
test such a prediction and to further ex- 
plore the nature of the codes involved in 
S-R and R-R relationships, Both S-R and 
R-R combinations were varied orthogon 1 
in order to examine the possible interaction 
of their effects. Stimulus-response com- 
patibility was varied by changing the 
spatial mapping rule in a two-choice 
RT task, which presumably affects the 
complexity of the spatial transformation 
rule. Response-response compatibility was 
varied by changing the composition of the 
particular response 


ally 


Set used in the button- 
pressing task (Kornblum, 1965). In one 
discriminability condition 


the two index 
fingers were used, while in the other the 


index and middle fingers of the same hand 
were employed. This Was assumed to 
change the number of control clements 
shared by the Motor programs of the 


two responses, Spatial Mappings remaining 
constant, 


METHOD 

Subjects. Thir 
as Ss in response 
Ohio State University stude 
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Design, 
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" "eatment groups 
discriminability to define four peu groupie 
Eight Ss were assigned to cach g ie performed a 
an initial experimental se n, a inctiding 
sequence of 600 simple RT tr i em presents 
catch trials on. which no samus trials wast 
The stimulus on the — E 6 displ panel 
zeros presented in the center ol Pi stimulus DY 
The .$ responded to the onset ^ fpecie righ 
depressing a button on me es Bal block 
index finger. The mean RT D dated for each 
100 simple RT trials was calcula 


t 
ith respec 
atified with E 
Four groups of eight Ss were stratifie fou 


2 the 
assigned to 

to simple RT, and were then ek a 

treatment combinations defined by 

compatibility. 


inel, * 
e 
1 angle 


array : 
hat the 


3 an i 
Ponse panel consisted of 


buttons 


esponse T^ 
positions (left or right) to be d 
(leftmost or rightmost of whicheve P ental 
given .S Was to use in responding). iie 
Procedure, ch trial during E iem o 
Session w; ed by the appear’ ec 
"ready" on the display for 2 sec. itil S 
Stimulus which remained visible Wax he 
a response button, After S's e anc 
Signal for the next trial appears ich tri 
repeated, Following a run of 200 st : 
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tions emp t 
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importance of responding quickly nne 
an error ra 
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» inc je 
for the four choice RT giis oe sine 
in Table 1. Analysis of sm aire i pus 
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‘ween groups. ‘The standarc mse 0%, 
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RTs are somewhat long s ny be F 
estimates of simple RT. 3» ropor o a 
due to the relatively high P 


sk anc 
" n : > task 
Catch trials included in the 


STIMULUS AND RESPONSE CODES IN 


instructions given Ss, which emphasized 
the avoidance of anticipation errors. 

Choice RT. The sequence of 600 RT 
trials was broken down into 12 50-trial 
blocks and the mean RT for each S was 
calculated for each block. These means 
Served as the basic data in subsequent 
analyses. Errors were not included in the 
calculation of mean RTs. 

In each block of trials, separate means 
Were calculated for responses made with 
the right index finger, and those made with 
either the left index or right middle fingers. 
‘Nall four treatment groups the right index 
neer had been the designated response 
ember on 300 of the 600 trials. Figure 1 
Shows mean RTs in each treatment group 
pe right index responses only. The main 
esi of S-R compatibility and response 
| iminability were both significant, / 
] 28) = 6.64 and 6.53, respectively, p < 
7» The interaction between these factors 


di Wc ed 
is Not approach significance. Table 1 
m WS mean RTs over all trial blocks. The 


ose of SR compatibility and re- 
are ke E T riminability on right index RTs 
most l ia in magnitude (47 msec.) and al- 
>t perfectly additive. 
ities wee effect of trial 
vex RTs 
p< 


I 


block on right 
was significant, / (11, 308) = 
001. This effect combined with 
Inna c Patibiligy to produce the only 
30 ant interaction in the data, F (11, 
a When the data 
e final nine trial blocks were con- 


= 4.19, 
from Ñ p « .00t. 


idere; nis. 

Apre Separately this interaction dis- 
ared, F (8, 224) = 1.25. These results 

liga. FABLE 1 
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(IN PERC! 


iscritti 
"riminabilit y condition Simple | Choice | Choice 
ceca sd. RT RT | errors 
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Vi " | 
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Bob atible 
H Inde: R 
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Kg ote, M 
orc, Mean RT 
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ri 
É 400 
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È xo 
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1+ es 6 re 3€ we 
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Fic. 1. Mean reaction time as a function of 


practice, plotted separately for each combination of 
S-R compatibility (C compatible, 1 = incom- 
patible) and response discriminability. 


are due to the effects of practice which 
extended over the initial 150 trials only 
and which were greater in the conditions 
having a low degree of S-R compatibility. 

Mean RTs for the second finger (left 
index or right middle) used in each group 
were analyzed in the same way as data 
for the right index finger. These data show 
the same basic effects of S-R compatibility, 
response discriminability, and practice as 
the right index data. Thus, the main effects 
of S-R compatibility, F (1, 28) = 11.60, 
p < .01; response discriminability, F (1, 
28) — 438, p « .05; and trial block, F 
(11, 308) = 3.64, p < .01, were significant. 
Both S-R compatibility and response dis 
criminability interacted with trial block in 
the second finger RT data. , There p. 
significant. S-R Compatibility x z 69 
Block interaction, F (i1, 308) zm Die 
p < .01, and a significant Respons ien 
criminability X Trial Block interac " 
F (11, 308) = 1.92, p € .05. : 

Error data. Table 1 includes error rates 
for each treatment group. These Look 
centages represent the errors made a 
either response member in each group. An 
analysis of variance on these data revealec 
one "significant effect, S-R compatibility, 
F (1, 28) = 9.15, p < .01. The effect of a 
decrease in S-R compatibility in this ex- 
periment, then, was to increase errors and 
decrease speed. 
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Discussion 


st i results in this experi- 
Ta Rei n iii x of response dis- 
ment E y effects, and the additivity of the 
E aec. SR compatibility and response dis- 
E bility. In order to interpret these 
fae is useful to adopt the logic of Stern- 
facts, "(1969) additive factors analysis, The 
pes » f this analysis is contained in the as- 
B inpüon that when two variables have addi- 
Uc ect they may be considered to in- 
Eus Ss separate and independent Stages in 
ee of cognitive events Which. con- 
tribute to RT. Conversely, two variables 
which interact are considered to influence a 
A e itive process, 
BE vU data the effects of S-R and 
R-R compatibility are additive ang 
affect independent processes, 
sented by Simon et al. (1970) | 
(1971) indicates that the effects of S-R com- 
patibility on RT are due to changes in the com- 
plexity of a spatial transformation rule used by 
S to relate stimulus location to the point in 
space at which a response must be made, Tẹ is 
suggested that the effects of R-R 
observed in the present data may 
by changes in the relationship bet 
codes representing t 
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and Wallace 


ween motor 
he Movements re 


required 
of S in making a response. The Spatial code 
relating stimuli to response Positions and 
the motor code i 


ther represent 
structs whose o 
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the Processing and identificati 
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A ie logic- 
The effects of S-R eu ampi wou at 
ally seem to be within Stage 3 i: = formas 
information is decoded into arce et 
tion. The effects of response s poer. 
or R-R compatibility are od being [b 
localize, either Stage 3 dris | Hue 
Possibilities. The additivity o Er h either 
compatibility effects is — compatibility 
Possibility, since the two forms - c "th's schema 
might affect different stages in ppt S 
or component processes within a s 
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The Ss watched series of 65 letters and indicated as quickly as possible whether 


each letter was or was not included in a 
9, 12, or 15 letters. 


memorized list which contained 3, 6, 


Decision time was a linear function of the number of 


letters in the list, and the slope of the no function was somewhat steeper than 


that of the yes function. Variations 
affected decision time only slightly. T 
high-speed scanning proc 
lists exceed the memory span. 
Tareh; but serves simply to prime the i 
ist. 


enber (1966, 1969) reported that the 
a person takes to decide whether or 
Ern Mohe item is included in a 
number of list is a linear function of the 
Sm nur ra in the list. He inferred 
earch Pa va S scans the list serially to 
lat the A 1e critical item. He also found 
E Rane ppe of the scanning function was 
sions, gy ei Yes decisions as for no deci- 
through Sgesting that S scans the list right 
item mice Piet of where the critical 
ting iat Je located, instead of termina- 
d S Wien a match is found; that 
inna. 8 exhaustive rather than self- 
: Sheek o explain why this might be 
Were to wear (1969) suggested that if S 
Comparer ne the outcome of each serial 
rate Mons | » hile scanning, his scanning 
cision t »e slowed down and the average 
icient ime increased ; it is therefore more 
to complete the entire scanning 


TOce, 

S: "T 

eres examining outcomes. 

Dredict ificulty with this theory is that it 


ecision, that the time taken to make yes 
Seri S should be independent of the 
list, Boston of the critical item in the 
Position ernberg (1969) stated that serial 
hig expe effects were indeed negligible in 
faster *riments, but others have reported 


— Jes decisions when the critical item 
Inn — 
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in stimulus and response frequency 
hese results support the notion of a 


in recognition memory, even when the memorized 
It is suggested that this process is not one of 


ndividual elements of the memorized 


is in terminal positions than when it is in 
the middle of the list (e.g, Burrows & 
Okada, 1971; Corballis, 1967; Corballis, 
Kirby, & Miller, 1972; Kennedy & Hamil- 
ton, 1969; Kirsner & Craik, 1971; Morin, 
DeRosa, & Stultz, 1967). To accommo- 
date such effects, an alternative to the 
exhaustive-scan theory has been proposed. 
This states that S has direct access to some 
internal representation of the probe and 
judges whether or not the item is in the 
memorized list by examining the “strength” 
of this representation in memory, much as 
though the task were one of signal detec- 
tion (e.g., Baddeley & Ecob, 1970; Corbal- 
lis, 1967; Norman & Wickelgren, 1969; 
Okada, 1971). Corballis et al. (1972) have 
outlined how such a theory might accom- 
modate most of the basic findings, including 
Sternberg’s and including serial position 
effects. ^ 

A possible limitation of the directa 
theory, however, is that it does imply a 
monotonic increasing function, but there is 
no compelling reason to expect eee 
But this raises the question of whether t ne 
function really is linear. Most investiga- 
tors, including Sternberg, have used lists 
of up to only about six or seven items, d 
itis conceivable that the function is actually 
some more complex one that is merely ap- 
proximated by linearity over an initial 
range. 

The present experiment is an attempt to 
put linearity of the decision-time function 
to more stringent test by examining the 
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" T f up to 15 items. 
function for list posee eei 
Previous bog cde conflicting infor- 
E produca d Branca (1970) re- 
ion. Wingfield an i fimetion fae 
matio T fairly good linear functi i 
ported A ts of up to 12 letters, although 
aed patel indication that the func- 
Bee sini es and no decisions were slightly 
Peer be ee (1970) found 
Ee ion time was better approximated 
qu rem Hi function of list length 
ny a tip es function, even after ex- 
um a ractice. He used a fixed-set pro- 
nee n which each § always operated 
p same four lists of one, two, four, 
E ht items. The lists, Consisting of 
= e aad digits, were constructed some- 
ipee d in that the eight-item list 
always included the items on the four-item 
list, and so on down. This. may explain 
why the function was logarithmic rather 
near. 
in the longer lists in the present ex- 
periment exceeded the normal memory 
span, we also used a fixed-set procedure, 
For each list length, ,S memorized a single 
list of letters and then received a number 
of trials for that list. Contrary to Ross 
(1970), Sternberg (1969) Teported that the 
fixed-set Procedure Produced linear func- 
tions simil 


ar to those obtained under the 
varied-set Procedure, in which 

à new list to memoriz 
Our experiment w 
the effects of stim 
bility could be as 
ments using 
effects of list 
bility have bee: 


S receives 


Ponse proba- 
n most experi- 
Sternberg's Paradigm, the 
length and stimulus proba- 
n confounded, 


sessed, 


METHOD 
Subjects. The s. Were 20 univ, 
male and 15 female, ranging 
were paid for their services, 
Apparatus and procedure, + 
was to teach S a list of 3, 6, 
before presenting him with a 
letters for that list. Thej t 
capital letters on cards an 
criterion of two consectui 
Recall was checked 
was perfect in 
one of each le 
learned the 


ersity Students, 5 
in age 17-25 yr. They 
The basic Procedure 
9, 4 or 15 
series of 65 
5 Were printed į 
d were a 
Productions, 
he probe trials and 
ch S learned five lists, 
order in which the Ss 
as ounterbalanced according to 


all cases. Ey 


ngth, The 
lists w 
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al groups 
vere five equal g 
Latin square, so that there wert Th 
a Latin squa » SO S weh ders a 
of Ss each Pehle be ie P e: s were trentea a 
TE E ñ i ach serie tana 
The first five trials of e: E d 
ibe, v were discarded from uos probe ee 
A he the remaining 60 trials, t and the « 
sis. For i 3 ont Ways, d 5 
i so differen sroups: 
rere selected two L ro equal g * 
ks E loe accordingly into two c de were chosen 
ice R: For this group 3x pus sieka hi 
: | See a one ae 
ers of the alpha save Gal 
from the 26 letters o Lhe ng alway e. 
that the number of positive poe in each bes 
the number of negative probes ies of yes one 
That is, the a priori nag p probabil x 
LT a However equal; 
responses were equal. cur were unequali 1 
that different letters would SCRI R cee list, eae 
example, in the case of the three while ne 
Positive" probe occurred 10 "RS 3 times he. 
probes occurred an average ol aao occurrent e 
; y > frequencies ; poss 
2. Group S; Here, the freque ; nearly as P f hem 
the 26 letters were equated as and eight o oba- 
all letters occurred at least twice qe a priori DIO ^ 
k rever the a w 
“pans è times, However t equal; t50 
occurred three times, sponses were Ùn d 6 
bilities of yes and no respons sed ifrom: f S jetter 
number of positive probes O for the 1 
for the letter list to 35 out ol 
list. 


For both grou 
as evenly 
positions, 
Probe Je 
vious pa 


ated 
sstribu Y 

» distri ial 
gu s were set 
Ps, positive probes erent 867 


as possible among U^ iie sequence 
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RT=69-12L + 631 


15 3 6 9 


LIST LENGTH 


Fic. 1. 


T Mean response times (RTs) for correct 
ist length, shown separately for Group R and Group S. 


and no decisions at each 
(For group R, the 


a priori probabilities of yes and xo responses were equal and the probabilities 


that dilleret letters would occur were unequal. 
probabilities were unequal and the 


equal.) 


OUD s, 


or t 
le z 
fere e sh 


rhe errors are too few (at least 
les ooe Jiste) and individual dif- 
e drawn prent Ior detailed inferences 

4 » but it is at least clear that 


ie iggestion from a comparison 

; ups that the relative percentage 

ith the mes false alarms varied inversely 

Sand, ative a priori probabilities of 
70 responses. 


, UUsseg 
With Ses 


TABLE 1 


= OF Errors ror EACH Grove 
CH List LENGTH 


| 10.00 | 13.00 
2.00 | 4.00 


7.67 


For Groups S, the response 
stimulus probabilities approximately 


The imbalance between misses and false 
alarms raises the question of bias in the 
analysis of response times, which was re- 
stricted to correct responses only (see fol- 
lowing section). We shall argue from the 
results, however, that such biasing effects 
were probably small compared with the 
effects of other processes underlying re- 
sponse time. d 
RT and list length. Mean response times 
(RT) were computed for each correct deci- 
sion (yes or no) at each list length for €: 
S; yes RTs were averaged over all seria 
positions within a list. Means of these 
scores over Ss are plotted separately for 
Group R and Group S in Figure 1. 
Analysis of variance showed only that 
RT varied significantly with list length, F 
(4, 40) = 40.43, p < .001, and that there 
was a significant interaction between deci- 
c and list length, F (4 40) 


sions (yes or no) 
= 5.53, p < 01. Trend analysis of these 
effects revealed that a significant linear 


trend underlay the list-length function, F 
(1, 40) = 161.26, p < .001, and that 


linear-trend component interacted signifi- 


this 
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x 40) — 21.47, 
cantly with cw m E oM Rene 
p< 001; in a ty and wealipthte, 
were insignificant in sis for supposing the 
Thus, there is no a be other than linear, 
: ength functions to be o 1 : 
list-lengt function was reliably steeper 
ES E es function. Least-squares esti- 
man of the slopes were 41.2 msec. per 
erem for the yes function and 65.1 msec. 
BP os for the no function. i 
Figure 1 indicates, however, that this 
difference in slope was somewhat greater 
in Group S than in Group R—least-squares 
estimates of the slopes are shown on the 
figure. The triple interaction 
groups, decisions, and the linear- 
ponent of list length w y 
on a directional test, F (1, 40) = 3.34, .05 
< p < 0, which is Perhaps Justified on 
the grounds that the direction of the inter- 
action is predicted by the intergroup differ- 
ences in stimulus and response frequencies, 
First, let us consider the possible effects 
of stimulus frequency on the assumption 
that RT increases as stimulus frequency 
decreases (e.g., Bertelson & Tisseyre, 1966). 
For Group S, the average letter frequencies 
for positive and Negative probes Were es- 
sentially the same at each list length, so 
there are no grounds for anticipating a dif- 
ference in slope between yes and no func. 
tions for this group. For Group R, how- 


between 
trend com- 
as significant only 


€ expected 
be greater 
than that of the Figure 1 


case, so that stimul 


us frequency 
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(e.g., Dillon, 1966). Case it 
Group S, not Group R, Which gl 
affected. One would predict for 
that the slope of the no functi 
steeper than that of the yes function and 
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position at each list length. 
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ally labele x tit 
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while the : : 
above s the 8 Ss with ratios of .78 and 
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i 'anners" T R 
aes ers.” The mean ratios were .48 
IRE respectively. 
s "ti a 
which EREN to compare the rates at 
19 e two groups scanned. Sternberg 
LH y ` © A 3 
eg Soa that a self-terminating strat- 
Cause T slow down the scanning rate, 
SOmparisc would have to evaluate each 
here is ən during the Scanning process. 
Clifton and Be I support for this; 
ns: Irenbe f i i 
anging Gel ibaum (1970), using lists 
Nat a fen one to seven items, found 
Parently a of their Ss (3 out of 12) ap- 
en did M a self-terminating strategy 
Slovty TEL eie "ed significantly more 
eq Un the others, who evi 1 
E exhaustively ers, who evidently scan- 
i functi ely. The mean slopes of the 
Etter Ons were 46.7 and 31.0 
Samo? l'espectively E raw e 
» tend ely. Our data show the 
Sec —the me: -— 78 
Een Dh: lettas Hager slopes were 78.0 
or the self-terminating 
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Ne. TS an 
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i these slopes is that both 
y Clift, steeper than those re- 
dled RE and Birenbaum. Even 

Xhaustive scanners seem to 
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ported rate. 
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An alternative explanation for these re- 
sults is that Ss may have sometimes scan- 
ned the lists more than once. Murdock 
(1971) has pointed out that this is more 
likely if the probe is negative than if it is 
positive, and it was certainly the case in 
our experiment that the slopes of the yes 
functions were closer than those of the no 
functions to the slopes typically reported 
in the literature—they were 37.4 and 55.3 
msec. per letter, respectively, for the self- 
terminating and exhaustive scanners. Our 
labels may therefore be inappropriate ; the 
groups may in fact be differentiated in 
terms of the relative numbers of scans fol- 
lowing positive and negative probes, rather 
than in terms of the nature of the scanning 
process itself. 

Serial position effects. 
responses are plotted as 
position in Figure 2, separi 
list length. Analyses of variance were also 
computed for each list length, with SS 
classified according to the order in which 
they received the different lists and ac- 
cording to whether they were in Group R 
or Group S. The effects of serial position 
were significant only in the case of the 
6-letter lists, F (5, 50) = 431, P < .01, 
and of the 15-letter lists, F (14, 140) — 
2.39, pi< .01; however both become in- 
significant if the conservative degrees o 
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a function of serial 
arately for each 
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haustive scanners. There, only the ns 
letter lists revealed a significant serial 
position effect, and then only for the self- 
terminating Scanners, fF G, 45) = 4.83, 
b < .01; again, the result IS insignificant 
with reduced degrees of freedom. 
"These results raise further difficulties for 
the notion of self-termin 
the so-called self-termin, 
scanned from the beginning 
should have shown 
but they did not. 
(1970) faced a Similar dilemma, 
three Ss designated “self-termir 
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; istent with 

tion effects, which are clearly inconsistent 
the exhaustive-scan theory. aioi ita 
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the linear relation between dec e by Atkin- 
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son, Holmgren, and Juola (196 ich it is 
(1971) has proposed a model in ocessed 1n 
assumed that the list items pus Ene. item 
Parallel. The time to proc fen in the 
depends on its primary and TAGS „ms still to 
list, as well as on the number of terminating 
be processed, By assuming a E r of other 
Process, and by making a num i »proxima- 
mathematica] assumptions and faut for 
tions, Murdock shows that the HA positive 
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probes nearly so, at least for list er od slope? 
five items, In addition, the ice are about 
of the Positive and negative pr E bot? 
equal, and the yes decisions "- vever h 
primacy and r ency effects. H pni muc 
predictions break down for list deng assume” 
longer than five items, unless n : than $è 
that Scanning is exhaustive rather 
terminating, 
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ever, 
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can then be dis- 
m axis from non- 
The decision would then be 
M Dresentari direct access to the internal 
Y such E a the probe item, as proposed 
Eu xe as Baddeley and Ecob (1970), 
Vickelgren a (1972), and Norman and 
ting res ui )). The linear functions re- 
fp i18 tm times to list length can thus 
© serial inn the Scanning process, while 
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Stimulus densi process. T he effects of 
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Nem Ü dox be necessary only when the 
Demo. 9 list have been serially organized in 


ues 
Peral Strength"—so. they 
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a. whieh: for items still in sensory stor- 
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E pro. o Sufficient to mediate the deci- 
ep ess. — For example, Okada (1971) 
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nition d Serial scanning processes in a 
- Ime experiment involving running 
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9, the rique otherwise conflicting evi- 
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r a lise it is not very plausible 
serial comparisons, each cr nich 
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S Gain ed as serial Information for 
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5 met € scan of the outcomes. 
As mes of that scan must be 
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However, there is at least one objection to 
our view; it is perhaps difficult to understand 
why S would not prime the memorized list 
before the probe appears. This would presum- 
ably lead to a more rapid decision, since it 
would remove the scanning time from the re- 
sponse time equation. One possible explana- 
tion, admittedly ad hoc, is that scanning is a 
rapid but fragile process whose priming effects 
would be easily disrupted by delay or by pre- 
sentation of the probe. We have already sug- 
gested that Ss may sometimes scan the list 
more than once, which implies that the prim- 
ing may not always be effective. There may 
in fact be a trade-off between speed of scanning 
and strength of priming. The optimal strategy 
may therefore be to scan as rapidly as possible, 
but to delay scanning until after the probe has 
appeared so that the primed traces will 
still be sufficiently activated to mediate the 
decision. 
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In three experiments organization and memory load were investigated 
ing capacity methodology. 
pensatory tracking as a secondary task to show that lists which could be 
ing in all stages of memory, encoding, retention, 


Experiment I used com- 


"This result 
k in Experi- 


gories at presentation, while no 


Martin, 1970). The general procedure in 
these experiments is as follows. A verbal 
memory task is temporally divided into 
two stages: encoding, during presentation 
of a list of words, and retrieval, during 
recall of the words. These lists are pre- 
sented to Ss using one of three organiza- 
tional schemes. For random lists each 
word in a list is a member of a different 
taxonomic category. In blocked and non- 
blocked lists several categories are repre- 
sented by an equal number of words; 
in the former, the words from each cate- 
gory occur sequentially at presentation, 
and in the latter, the words are mixed at 
presentation. 

This procedure permits a number of 
comparisons to be made. It has been 
known for some time that Ss will organize 
lists and recall them in category clusters 
(Bousfield, 1953). Blocked. lists Es not 
require organization by S since hr 
presented in an organized manner. i ja 
blocked lists require organization but thi 
is relatively easy since the words are mem- 
bers of only a few categories. If gon 
blocked lists are found to be organize 
when recalled by Ss, and the RPC for 
these lists is less than for blocked lists 
during a given memory stage, then it can 
be inferred that the organization occurre 
during this stage. Random lists not only 
lack organization at presentation, but it 
is relatively difficult for Ss to organize 
them since each word is a member of a 
different category. Hence, the RPC for 
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determine in which Stage the 
effects of categorization occur. n 
The results of two studies are of special 
importance. Martin (1970), in ees 
ments comparing blocked with non]; oc " 
presentations using compensatory track- 
ing asa secondary task, found no difference 
between conditions in either memory stage 
on the first presentation trial. However, 
over three trials using the same list, RPC 
was found to increase for blocked lists and 
stay about the same for nonblocked lists 
during the retrieval Stage. This result in- 
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Johnston, Wagstaff, and Griffith 
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The word lists 
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random lists, 
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order th 
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g „ati 
ae 
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4 ize ot 
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edt: Y enhancing the tend rep into 
retention perio ds bas g , 

"call ate i 
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e nc s 
Primarily to the verbal task, they ee ae 
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Y verba] performance and 20% 


Design. A within-S 3 Xx 3X6 factorial design 
i used representing three levels of organization : 
ae nonblocked, random; three memory stages: 
iis ETE retention, retrieval; and six different lists. 

tion two control tri; were presented during 
€ test session in which . mply tracked with no 


Word: ká > i 
oris Presented. ‘These scores provided base-line 
ücking data, 


Results and Discussion 


E. he mean number of words correctly re- 
led per list were 7.9, 7.9, and 6.1 for 


ock E: 
eked, nonblocked, and random condi- 
» ns, respectively. A one-way analysis of 
ari 1 


> „ance showed this effect to be significant, 
516) = 77.2, p < .01. 
organize 
a clustering ratio (CR) was 
This measure is simply the 
btained category repetitions 
number expected by chance (see 
]in Bousfield & Bousfield, 1966). 
1.0 is chance performance. A 
indicates that organization is 
Sieg In this case 2.0 is maximum. 
tion br a very high degree of organiza- 
locke K place, since the CRs for both 
treme and nonblocked lists were ex- 
Trey high, 1.98 and 1.99, respectively. 
ethnic Scores are shown in Table 1. 
E c Ysis of Variance on the means for 
on] sj, Showed list organization to be the 
o1: &nificant effect, F (3, 34) = 18.7, a 
Showa Newman-Keuls analysis (p < .05) 
for, the control (C) condition to be dif- 
th E TOm each experimental condition and 
frg, dom 


RAE 


lus. . Y. A s . 
; an effect of list organization was 


> wor E Periment T. Even though 
Ds. 5 were recalled per list, it was 
more difficult to encode, retain, 
random lists than either 
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N Vx the reported no organizational 
D the me € addition of a retention stage 

leya] C emory task. Encoding and re- 
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ORGANIZATION PROCESSES IN 


MEMORY STAGES 
TABLE 1 


S) AS A FUNCTION OF 
E 


TRACKING ERROR IN (vol 
ORGANIZATION AND STA 


Memory stage 


Organization — : : 
Encoding | Retention | Retrieval 


— - | | 
Blocked | 222 | 223 232 
Nonblocked | 23 | 24 234 
Random | 30 | 243 260 
Tracking 

control 178 | 182 183 


differences were found in secondary task 
performance for blocked and nonblocked 
conditions even though organization was 
required, and apparently occurred, in the 
latter. It is, of course, possible that words 
from lists are encoded irrespective of list 
organization at presentation, in which case 
blocked lists would also have to be re- 
organized. However, the superiority of 
recall performance for blocked lists which 
is usually found would indicate that non- 
blocked lists do require more processing 
(Calfee & Peterson, 1968). This pro- 
cessing should be apparent using an RPC 
methodology. 

Research to this point has been con- 
cerned with identifying a memory stage 
where organization occurs. Rather than 
having effects between stages, however, 1t 
is possible that organization could have 
within-stage effects. For example, orga- 
nization might first have detrimental and 
then facilitatory effects during a particular 
stage. A comparison of stage means does 
not permit investigation of such interac- 
tions. Experiment II was designed to pro- 
vide such information. 


EXPERIMENT |I 


In order to examine within-stage eflects, 
a simple RT secondary task was used in 
Experiment Il. Simple RT has been shown 
to be a good index of RPC (Johnston, 
Griffith, & 4Wagstaff, 1972; Johnston, 
Wagstaff, & Griffith, 1972; Stanners, 
Meunier, & Headley, 1969). When used 
as a secondary task, RT offers the advan- 
tage of providing a fine-grained analysis of 
RPC. Posner and Boies (1971), for ex- 
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TABLE 2 
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MEAN Worpbs RECALLE 
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TION 


Words recalled Clustering ratio 


prem Four| Six Four | six | Eight 
ked 3.8 | 5.2 1.84 | 1.72 | 1.84 
oka 3.8 | 5.1 32 | 1.32 | 138 
Random 3.9 | 4.7 m zc 
Note. The words four, six, and eight refer 
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he simp"? fof 
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RETENTION 


Mean deviation reaction times (RTs) during Experiment II at 
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sS ——s8 BLOCKED 
€---9 NONBLOCKED 
4-:—^ RANDOM 


X—-X RT ONLY 


4 |l 2 3 4 
RETRIE VAL 


2 3 


each probe point for blocked lists, nonblocked lists, random lists, and RT 


only. 
due 
includ; the four organizational conditions 
xong the control condition, F (3, 81) 


hat E de iis Since it is obvious 

“rence het se: was dus largely to the dif- 
all experi ween the control condition and 
wi mental conditions, à second analy- 

trop 45 conducted which excluded the con- 
Iro; aa ton: While it is not apparent 
3 small S eiie, this analysis showed that 
Wa It significant source of variation 


= Acc À : , 2 Š 
(2, ~ counted for by list organization, F 


Ke, 2 D a 3.70, p <.05. A Newman- 
dom jen aysis (p < .05) showed the ran- 
blocked" mean to be larger than the non- 
às sm: pne. The difference, however, 
the o A l, 9.4 msec. Of more interest are 
Staga, Wing interactions: Organization X 
f $4 Intervals, F (12, 324) 2 2.62, p 
8.5) "ganization X Intervals, / (6, 162) 
Ls < .01 ;and Organization X Stages 

~ength, F (8, 108) = 2.37, p < .05. 


Inspection of Figure 1 indicates that these 
effects are due in part to the large RT for 
the random condition at the first probe 
point, particularly in the four-word con- 
dition. It is possible that S was attempting 
to find a basis for organizing the list heg 
He was given the two category names Pas 
basis for organization in the other condi 
tions. A second interesting contributor to 
the first of these interactions is the general 
downward trend of RT for blocked lists 
during retention and the upward trend for 
nonblocked lists. Perhaps blocked lists 
become easier to rehearse as retention COn- 
tinues, while nonblocked lists become more 
difficult due to organization. 4 
The small size of the organizational effects 
could be due to a general lack of sensitivity 
using RT to assess RPC. In order to de- 
termine sensitivity one can examine the 
effect of a general loading variable such as 
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msec.). In fact, the decrease for encoding 
was considerably less than the control con- 
dition, while the decrease for retrieval was 
considerably greater than the control con- 
dition. "These data may be interpreted as 
4 general increase, compared to the con- 
trol condition, in RT during encoding and 
4 general decrease during retrieval. This 
type of effect would be expected as S 
loads" and “unloads” memory. How- 
aver, caution must be exercised in this in- 
terpretation since the encoding result could 
? Interpreted as a decrease in the expec- 
taney effect with increased memory load. 
Several important points are suggested 
M Experiment Il. First the list length 
p indicate that RT is sensitive to 
EV loading. In addition, the data 
sest a possible loading-unloading effect. 
eat” bo, the size of the effect was 
5 T a pe the general superiority 
J Ro and nonblocked lists to random 
Pit. HH in Experiment I was replicated. 
Y, a significant trend of increased 
ees i ha of blocked lists and 
Ded LC during storage of non- 
ISts was found. 


EXPERIMENT II] 


Es = experiment was conducted for 
Borted man ! Some of the results re- 
small =. experinient H were based on 
. E Replicating these results 
ssp ant. i n addition, several of the 
ated in ce of the RPC model were vio- 
Words ^. “xperiment a Perfect recall of 
Shiva peg achieved, especially with 
lists hs pi SE lhus, in the eight-word 
Capacity ! e : - pec. processing 
Üüleari i. e A An R C measure may 
MIN W hen this happens, since 
Second., » he RPC exists to perform the 
ary task. The secondary task was, 
performed in this experiment. 
primary task exceeds processing 
1 this way, the basic model is in- 
A possible alternative model 
) als agat is violated is one in 
Mhi ia on the secondary task 
in le. a the primary task to a 
ĉached ¢ evel. When this level is 
may refuse to further degrade 


“Pacit ry 
ap V il 


Cer 


TABLE.3 


MEAN Worbs RECALLED AND CLUSTERING RATIOS 
AS A FUNCTION OF ORGANIZATION 


Organization | Words recalled | Clustering ratio 
Blocked 2.9 1.85 
Nonblocked 5.4 1.10 

4.9 


Random | ; -— 


it and instead will sacrifice performance of 
the primary task. The trade-off suggested 
by this model is similar to that found in 
speed vs. accuracy experiments in which S 
will emphasize speed or accuracy up to a 
point, but beyond this point it is very 
difficult to force him to increase errors to 
gain speed or to lose speed by decreasing 
errors (Fitts, 1966). Hence, one reason 
for selecting the six-word condition for 
replication in Experiment III rather than 
the eight-word condition was to avoid vio- 
lating the assumption of perfect primary 
task performance and thus stay within the 
more basic model of attention. 

The six-word condition was chosen rather 
than the four-word condition since cluster- 
ing scores indicated that very little orga- 
nization was occurring in four-word lists. 
It would, of course, be impossible to find 
the locus of organization in this case. For 
these reasons the six-word condition 1n 
which the fewest assumptions were violated 
was replicated in Experiment IlI. As an 
added attempt to achieve near perfect per- 
formance on the memory task, a $20 prize 
was offered for the best performance. Per- 
formance scores were weighted 80% on 
words recalled, 20% on RT. 


Method 


Subjects. Ten students simil ) 
periment II served as Ss. A $20 prize was 
for the best performance, 80% based on wo! 
and 20% on RT. 

Procedure. The procedure was ide 
six-word condition of Experiment II. 
ception to this was the addition of at 
prize. 


ar to those in Ex- 
as offered 
d recall 


ntical to the 


The only ex- 
| incentive 


Results and Discussion 


In order to allow a number of useful 
comparisons, the data for Experiment | 
were combined with the six-word condi- 
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Ji, a Significant increase, F 
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increased Dy an 
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significance, but Since jt is 
effect for only 10 Ss it may be 
trend. 


The combined Six-word results ; 
pletely replicate ignifi 
of Experiment II 
(see Figure 3), - 
lists was signifie. 
and nonblockeq 
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a between. s. 
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The mean RT 
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tion stage is provided in a memory task, lists 
which can be organized are apparently orga- 
nized during retention, but when lists cannot be 
organized, the detrimental effects occur in all 
Stages of a memory trial. 

The experiments reported here also add 
further support for the use of an RPC meth- 
odology in assessing information processing 
requirements of a memory task when the as- 
Sumptions of this model are met. In these 
p periments not only were overall differences 
Nc ees loading conditions due both to 
i ie ties and list length, but within- 

y age effects were also found. It 
m E that an RPC methodology can be 
Nee à profile of processing require- 
uring a memory trial. 
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EFFECT OF SPEED OF LEARNING AND DEGREE 


OF LEARNING ON CUE SELECTION ! 


JACK RICHARDSON 2 


Stale University of New York at Binghamton 


Consonant trigrams (CCCs) were used as stimuli in a paired-associate list and 
recall to the individual letters from the CCCs was tested following learning 
of the list. The efficiency of cue selection (the percentage of the recall to the 
individual letters which would be necessary for recall to the trigrams) was 


greater for Ss who learned s 


degree of learning increased. Howev. 
overlearning was not interpreted as du 


Efficiency of cue selection has been 
specified as the degree to which an § learns 


the response to only one component of a 
compound stimulus (Richardson, 1971). It 
has been demonstrated that instructions 
and emphasis can increase the efficiency of 
cue selection and decrease the difficulty of 
learning a compound-stimulus list to the 
level of that obtained with single com. 
ponents as stimuli (Richardson, in press), 
The difference in difficulty of learning 
paired-associate lists with compounds and 


single components as stimuli was attributed 
to a lack of efficiency of cue selection With 
the compound stimuli. 


^ i i 8 produced by other vari 
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* At seemed that fast 
» and prior learn; 
be related to increased 

The second purpose 
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selection. James and Greeno (1967) found 
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lower, for Ss whe 
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er, the small decrease in eff 1 
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> had learned a list prior to the 
items. Efficiency decreased as 
y with 
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increased learning to the nonselec 


astere?: 
Ponents only after the list was ss 
and this increased cue effectivener n 
overlearning has been confirmed C How” 
1971; Wichawut & Martin, ii an 
ever, Houston (1967) and Loves simia 
Blass (1968) failed to find that Ove fective 
Produced more increase in the cue € than € 
Ness of the nonselected companen pn of 2 
the selected component. Pre 
response paired with a compound ne Be 
after learning the response to © produce 
Ponent of the compound did not Jents E 
learning to the additional compo & 
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Stanton, in press), but learning e dis 
tional components did occur Gtevenso 
crimination task (Siegel & Baumeist^r 
1966). Berry, Joubert, and pe ers 
(1971) found an increase in the jer y earl 
gs letter solutions starting relativ Almo? 
in 


e E as S5- en 
earning with retardates as 5 Je 
every 


obtai 


n 


mg, and there is little to E 
Produces t s. Thoi wide 
article varies degree of learning ^ nalysi? 
range and presents a detailed 4 
the variation in cue selection. ent 4 

In Experiment I of the pre st pe a8 
all Ss learned a vowel-wor jound? of 
learning a second list with con oneri 
Stimuli and recalling to the c^ je Aa 
he compounds, It seemed e 3 ent? 
farning a list with single T e 
Stimuli might encourage selec zapet" 
11 "Pound stimulus list so, in ist oc" 
» arning of the vowel-word 
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DEGREE OF I 


Subsequent to learning and recall of the 
Compound list. In Experiment II the 
types of stimuli in a list learned prior to 
compound-list learning were varied. 1 )egree 
of learning of the compound list was varied 
In all three experiments. 


EXPERIMENTS l AND II 


Method 
ae The compound list consisted of six trigrams 
s, Umuli and the digits 1 through 6 as the respon: 


(CCCs) were constructed from 18 
i; d ) there no overlap of letters, and 
eg Doble to learn the response to any of the 
fliros ien NM — or to any combination of the 
sisting ar id y second paired-associate list, con- 
lr vowels as the stimuli and six three- 
Y Words as respons was learned either prior 
irona ens » or following (Experiment II) the 
ing ability "i 1 arning in order to assess the learn- 
ast and ae > and to permit dividing them into 
Subjects. hes 
Assignee ni M. he 3s were college students and were 
itions vine d appeared at the laboratory to con- 
ders. TI 3 had been listed in counterbalanced 
sarily ACA in E periment I were not neces- 
Previous ve but those in Experiment II had not 
One S id me in a verbal-learning experiment. 
Completi “Xperiment I requested to leave before 
ng the experiment. Eleven Ss in i 
Ment, goe to successfully complete the experi- 
i Ts — of malfunctions of the memory 
3 These p other because of a criterion error by 
‘ 4s è replaced by assigning the next 
al he laboratory to that condition. 
he Ss in Experiment I learned the 
ingle i duos Hin of four correct responses 
sive sed /6 ), one perfect trial (6 /6), two 
| Perfect trials plus three additional trials 
aq . ional or two successive perfect trials plus 
Sitnea t5 „trials Qp +7). Eighteen Ss were as- 
cach of the four degrees of learning. 
Ment HI the 2p + 3 criterion was omitted 
Signed to each of the other three degrees 
p Procedy of the compound list. 
Tüeti, e In Experiment | all Ss learned the 
ive C ia), list to a criterion of two 
rfect trials and then learned the com- 
S eiu list to a criterion of either 4/6, 
memes T. FOR lists were presented 
D ory drum y the tudy-test method 
5 e with a 2-se ntercycle interval. 
esi be pogiad st learning, the 18 letters 
Tp R us trigrams were presented indi- 
in the ae recall trials. The position of the 
"and a Hype was counterbalanced within 
Or each E sek order of the 18 letters was 
[5 ition E - An equal number of Ss within 
W. US, Sing d recall with each of the three 
Cre etn, etters were printed on cards and 
ed to turn the cards up one at a time 


le six trigrams 
consonants 


en 


BOULE: 
mag 
M ing 
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and attempt to give the digit which had been paired 
with the letter during learning. If they did not 
know the correct response, they were required to 
guess one of the digits 1 through 6. The Ss were 
given no information concerning the correctness of 
the responses during the three recall trials and all 
responses were recorded by E. 

The procedure was the same in Experiment ll, 
except the compound list was learned to a criterion 
of 4/6, 6/6, or 2p 4- 7, and the vowel-word list was 
learned. following learning and recall of the com- 
pound list. 


Results 


Learning. In Experiment I the mean 
number of trials required to learn the 
practice list to the criterion of two succes- 
sive perfect trials were 13.50, 10.61, 12.83, 
and 12.67 for the 4/6, 6/6, 2p + 3, and 
2p +7 conditions, respectively, and the 
differences were not significant, F (3, 68) 
< 1.00. There was no evidence that the 
groups of Ss within conditions differed in 
learning ability. In Experiment Il the 
same list required 8.75, 7.38, and 5.21 mean 
number of trials to learn to criterion for 
the 4/6, 6/6, and 2p 4- 7 conditions, re- 
spectively, and the differences were not 
significant, F (2, 69) = 2.79, p > .05. The 
trend was probably produced by the dif- 
ferent degrees of learning of the compound 
list which preceeded the vowel-word list 
in Experiment Il. 

All Ss learned the compound list to a 
criterion of 4/6 or higher, and the learning 
of the groups was compared on the trials 
required to attain this criterion. In Ex- 
periment I the mean number of trials 
required to learn the compound list os 
4/6 criterion were 3.50, 4.11, 3.67, and 3.78 
for the 4/6, 6/6, 2p + 3, and 2p + 7 Y 
ditions, respectively, F (3, 68) < iam 
The mean number of trials to the riteriai 
of 4/6 in Experiment II were 4.46, 2.92, 
and 3.75 for the 4/6, 6/6, and 2p + 7 cor 
ditions, respectively, F (2, 69) ie 2.88, 
p> .05. Again, there was no evidence 
that the groups of Ss within experiments 
differed in learning ability. 

Recall. There were three recall trials 
and the mean number of correct responses 
to the 18 letters were 7.69, 7.86, and 7.85 
for Recall Trials 1, 2, and 3 of Experiment I. 
The corresponding means were 8.05, 8.33, 


TABLE 1 


NuMBER OF RECALL RESPONSES CORRECT ON 
wo OUT OF THREE (2/3) RECALL TRIAL 


| 


Speed of learning 


Degree of Experiment 1 | — Experiment 11 

learning 

E -. | Xm 

Fast | Slow | COP: | Fast | slow | pam 

4.83 | 4.17 | 450 

ae 7.75 | 5.92 | 683 

6/6 (n ui 6.8 

Anlherest) hs $78 nS 958 | 11.00 

Combined TÀI 8.33 | 6,56 | 7.44 

and 7.99 for Experiment II. These dif- 
a 4 


ferences did not approach significance in 
either case so there was no evidence that 
the successive recall trials had any effect 
on the amount recalled. 

The other recall analyses were based on a 
two out of three criterion, i.e, a recall 
response to a letter was counted as correct 
only if the response was Correct on at least 
two of the three recall trials. This seems 
to be a better criterion than basing the 
analyses on a single recall trial (Richardson, 
in press), because it reduces the differentia] 
effects of guessing. The Ss, within each 
condition of each experiment, Were divided 
into equal groups of fast and slow learners 
on the basis of t| © criterion on the 
vowel-word list, The analyses Were based 
on two between. c variables in each experi- 


ment: speed of earning and degree of 
learning, 


The mean 


ne trials ti 


Presented 
are the same in 


experiments, Correct recall 


responses increase 
creases and the f; 
slow. The effect 
confirmed by 
F (3, 64) = 454 var BS 

= 33.01, p< -O1, in Experi A Ad 
The tend 


Variance, 


mean number of different recall 
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“terion ale 
responses correct to the 2/3 nthe dE 
presented in Table 2. This is f the pos 
number of trigram stimuli, out t he three 
sible six, for which one or more of th on at 
letters elicited the correct bye The 
least two of the three recall ‘af different 
increase in the mean number y learning 
correct responses as degree o h experi- 
increased was significant for bot "m an 
ments, F (3, 64) = 5.05, p<. Experi- 
reco = 28.73, p « Ol, for Ean 
ments I and II, respectively. The te py th 
for more different correct |. We 1.0 
fast Ss was not significant, F (1, a for the 
and F (1, 66) = 1.17, and the wl: cases: 
interaction were less than one in bo f lear’ 

Tables 1 and 2 show that degree ° grea f 
ing and speed of learning have ae reca 
effect on the mean number of eem f 
responses than on the mean numbe 


l 
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The efficiency ee 

Percentage of the total cor "for? i 

ecessary trl 

responses that would be ne to eacl ae 

give a single correct response sented Poe 
Sram stimulus which is repre t 


as 
Correct recall to one or more een “a 
stimulus letters, The efficiency the my 
computed for each S by dividing pons", os 
ber of different correct recall "ul resP The 
the total number of correct es red 
and multiplying the result by 1" co on 
recall 


3 > letter W 
response to a single ie Bf 
aS Correct only if it was give 


as 
rectly 


TABLE 2 RE 
MEAN NUMBER or Reb CP 
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RECALL TRIALS 


a of jearnini 
| Speed of lear i 
S expe’ H 
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Degree of 
earning 


| Com- 
| bined | .— 


| 
| Fast | Slow 
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$$ 

2wiveriecr) 4 3 

ip; 5.56 
ombineq 5.00 
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two or more of the three recall trials. The 
Mean efficiency scores are presented in 
able 3 for both experiments. The higher 
Büciency for the slow Ss was not significant 
nt L FA, 64) = 3.46, but was 
PF aces at the -05 level in Experiment Il, 
No 5 ) = 6.23. Correspondingly, the 
md efficiency with increased degree 
eg Was not significant in Experi- 
MR i (3, 64) = 1.55, but was signifi- 
PQ th "m rs ' level in Experiment ll, 
actions d e 9.98. The Fs for the inter- 
i M oth less than one. The major 
De *à jn the efficiency scores from the 
sf ‘periments was the lower efficiency in 
Periment II for the 2p + 7 criterion of 


Carning, 
Dhe six sane: 
E SIX pairs in the compound list were 
arated ; 
ated into three easy and three diffi- 


Cult pairs for each S 
umber of correct 
trigram during 
Necessary, 
ifficu]t wit 
Numbers, 


on the basis of the 
responses given to the 
ng the learning trials, When 
ties were assigned as easy or 
h the aid of a table of random 
Was ec For each S, an efficiency score 
eed for the easy pairs and for 
eamed tay pairs. In the groups which 
not give m Ne 4 6 criterion, many Ss did 
three Minka cor rect response on two of the 
om Pee: Lei to any of the nine letters 
Score tend 1€ categories, and an efficiency 
E For € not be computed for these Ss. 
he is reason, the Sroups which learned to 
bat cb NR not included in the 

on i. efficiency of easy and diffi- 
reason the a addition, and for the same 
Comput d ti ciency scores could not be 
€d for three Ss, one in Experiment | 
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and two in Experiment ll, in the groups 
which learned to the 6/6 criterion. The 
mean efficiency scores for the conditions 
were substituted for these scores in com- 
puting the analyses of variance. 

The mean efficiency scores for the easy 
and difficult items in Experiment I were 
70.8 and 78.8, respectively, and the dif- 
ference was significant, F (1, 48) = 5.68, 
b «.05. The corresponding means for 
the easy and difficult items in Experiment 
Il were 62.1 and 68.5, but the difference 
was not significant, F (1, 44) = 3.16. The 
interaction of speed of learning, degree of 
learning, and difficulty of items was also 
significant in Experiment I, F (2, 48) 
= 3.70, p < .05, 


EXPERIMENT III 


The trends in the two previous experi- 
ments were consistent in that slow learners 
Were more efficient than fast learners and 
difficult items produced higher efficiency 
than easy items. The efficiency was high, 
about 80, at the 4/6 criterion of learning 
the compound list and decreased to about 
70 at 6/6. There was no evidence of a 
further decrease in efficiency with over- 
learning in Experiment I, but there was 
decreased efficiency with overlearning in 
Experiment Il. 

The discrepancy in the effect of over- 
learning and the lack of statistical signifi- 
cance in some cases demanded further 
investigation of the variables. In addition, 
the somewhat higher efficiency in Experi- 
ment I suggested that learning a vowel- 
word list prior to learning the compound 
list might increase the efficiency. Experi- 
ment IIl extended the amount of over- 
learning and varied the type of stimuli in a 
paired-associate list learned prior to the 
compound-list learning. 


Method 


Design. The design was a 3 X 4 factorial with 24 
S: each of the 12 groups. The compound list was 
the same as in the two previous ex ments and was 
learned to a criterion of two successive perfect trials 

Qp), two successive perfect trials plus seven addi- 
tional trials (2p + 7), or two successive perfect 

trials plus fourteen additional trials (2p + 14) A 

control group learned only the compound list and 
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ee groups learned one of three 

a T a E the compound 
fee al ones prior lists consisted of six pairs and 
T = onses were the same three-letter words in 
ee ate The three lists differed in the types of 
E^ ie One list had single vowels as stimuli and 
E same list used in the two previous experi- 
Die Fe S A second list had single four-letter words as 
stimuli and a third had three four-letter words 

each stimulus. This variation was an 

determine if single-component and compo 

had differential effects on selection in the t 

The Ss were college students and had not previ- 
ously served in a verbal-learning experiment. The 
conditions were listed in counterbalanced orders 
and Ss assigned in sequence as they appeared at the 
laboratory. In addition to the 288 Ss who com. 
pleted the experiment, 15 Ss were dropped; 4 due 
to malfunction of the memory drum and 11 due to 
errors by E or .S. 

Procedure. The procedure was the same 
Experiment I. The lists Were presented b 
study-test method on a Stowe 
2-sec. rate with a 2-sec, interc 
prior list was learned toa criterion of two st cessive 
perfect trials. The compound list was learned to 
the specified criterion and was followed by the three 
recall trials to the single-letter stimuli, 


for 
attempt to 
und stimuli 
second list. 


as in 
y the 
memory drum at a 
Ycle interval, The 


Results 
Learning. The first list with 
words, and three words as s 
11.81, 8.29, and 14.46 
trials, respectiv 
of two successive 
= 14.19, p < 1. 
Compound stimuli yas Somewhat 
difficult than the lists With Single com. 
ponents as stimuli, There was also a 
Significant interaction between type of 
prior list and degree of learning but, since 
degree of lez ummy variable 


arning was a q 
at this Point, the interaction must be 
upling error, 


1€ criterion 
perfect trials, F (2, 207) 
As usual, the [ist with 


more 


attributed to sar 


TABLE 4 
MEAN NUMBER or 


Correct Respon 
; ESPONSES 
RECALL TRIAL FoR 3 


Degree of learning ECC T 

1 | 2 | 3 fom. 

bined 

E——— lt 
2p a} Bat! 893| si | 9.03 
2b(perfect) +7 | 9:39 | $93 1042 | 99g 
2p + 14 10.76 | 10.58 11.16 | 10.83 
Combined | 932 | 93] | 1020 9.95 
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at 
The compound list was learned e 
least a criterion of two successive per nce 
trials by all Ss and an analysis of e ro 
was computed on the trials wer. 
attain this criterion. The only d rior 
source of variance was the type 9 "rhe 
list, F (3, 276) = 10.11, p < 01; 5.15, 
mean number of trials were 9.15, 6. : t ‘the 
and 5.38 for the groups with nO ie 
vowel stimuli, the single-word Stun 
the three-word stimuli, mapocHd, M 
major difference was due to slower le d list 
by Ss who learned only the eoe due 
and this simply shows a practice effe 
to prior paired-associate learning- ber of 
Recall. The analysis of the hin. 
Correct responses on the recall trials s 10.79. 
that degree of learning, F (2, 276) ex 6:09 
P < 01; recall trials, F (2, 552) Mer 
P < 01; and the Recall Trials x Deg 2.55 
-earning interaction, F (4, 552) £ vari- 
b < .05, were v re- 
ance, ch 


significant sources ct 
The mean number of pr ea 
SPonses are presented in Table 4 P ming: 
recall trial and each degree of le es in- 
The mean number of correct eee and 
creased as degree of learning increase onse? 
there were Somewhat more correct resp 
on Trial 3 than on Trial 1 or 2. ll, as m 
In the rest of the analyses of reca nse i 
the previous experiments, a a en 
Considered correct only if it was a THe 
at least two of the three recall tria t source 
type of Prior list Was nota significant ^. es. 
of Variance in any of the recall a nly 
Thus, the recall results are presente p x. 
Or the nine conditions with bean and 
to the learning of the compound ron C 
Ss were divided into fast and ja re fit? 
asis of the trials to criterion oe of se 
list. In no case did the omission pang 
three 8Toups without prior learning 
the means appreciably. 
mean number of recall the ene 
ct to the criterion of De v 5. rol 
Tecall trials ay dest 
Mean numbe ; | 


se? 


spor 
Th resp. iret 
e e 


corre 


are shown in : 
r correct increasec 


23) 7 afl 
carning increased, F (2, pe INO 
P X 01, and fast Ss recalled = ed 
slow Ss, F (1, 198) = 17.26, $ roach 
Other sources of variance API 


Significance, 


The mean number of different responses 
correct to the criterion of two of the three 
recall trials are also presented in Table 5. 

€ trends were the same as for the total 
Correct recall responses but the differences 
Were much smaller, Degree of learning and 
Speed of learning were both significant 

ryond the .01 level, and no other source 
eveariance approached significance How- 
large proportion of Ss in the 2p + 14 
learning. conditions had perfect 
Ores of six, and this reduced the 
z these groups so that the analysis 
Variance on the number of different 


Or; 
rect recall responses should not be taken 
9 seriously. 


Previous two experiments, com- 
the mean number of correct 
Sponses and mean number of dif- 
Correct 

ficiency q 


arison of 
recall re 


recall responses suggested 
ecreased as degree of learn- 
Oe and that the slow Ss were 

ferent than the fast S 


DR 
fg ficiency, As in the previous experi- 
nts, the 


Core recall to a stimulus letter was 
ty d as correct only if it was correct on 


SRL 


00 : 
ticies More of the three recall trials, and 
| ACY scores were computed ou the 
I e 


Asis d WR. t 
the ot this criterion of recall. 
tach e Clency scores 
by dividing the 
ü recall responses | 
the Euer recall re 
a sult by 100, 
al le first an 
4, Stoups, 
9 the 5 


As before, 
were computed for 
number of different 
»y the total number 
Sponses and multiplying 


ree 
of ct 


alysis of efficiency included 
, and the type of list learned prior 
ompound-list learning was not a 
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Different recall 
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TABLE 6 
MEAS Evvictuxcy SCORES FOR Exrentment HT 


Fast Ss Slow Ss 
Degree ot — — M 
itn ñ- | Com- | ye... | Difi- | Com- 
E | bined | Easy | eult | bined 
ia vr A mx TRES s I ETT E 

[ S 5.7 0 | 76.0 

Jp(perfect) 62.9 | 68.4 | 65.7 | 76.9 75. 
a 7 602.4 O17 | 62.4 | 76.0 69.2 
2p+ 14 x 60.3 | 59.5 | 63.4 07.4 654 
Combined | 60.9 | 63.7 | 62.3 | 67.6 | 72.8 | 70.2 


significant source of variance. “The mean 
efficiency scores were 58.6, 62.9, 64.9, and 
64.8 for the conditions with no prior learn- 
ing, vowels as stimuli, single words as 
stimuli, and compounds of three words as 
stimuli, respectively. The condition with 
no prior learning hadalower mean efficiency 
than the conditions with prior learning 
(58.6 vs. 64.2) and this comparison was 
significant, F (1, 276) = 5.74, p « .05. 
This indicates that learning a paired-asso- 
ciate list increases the efficiency of subse- 
quent selection and that the increase does 
not depend upon the type of stimuli in the 
paired-associate list. 


In the other analysis of efficiency scores, 
Ss from the conditions with no learning 
prior to the learning of the compound list 
were discarded. The Ss within each of the 
remaining nine conditions were divided 
into equal numbers of fast and slow Ss based 
on the trials required to learn the first list 
to criterion. For each S the six pairs in the 
compound list were divided into three easy 
and three difficult items based on the 
number of correct responses during the 
learning trials. The result was three 
between-S variables (three types of prior 
list, three degrees of learning the compound 
list, and two speeds of learning the prior 
list) and one within-S variable (two levels 
of difficulty of items). Efficiency scores 
could not be computed for 2 of the 216 Ss 
because of lack of recall to the 2/3 criterion, 
and the mean score for the condition was 
substituted for these scores in the analysis. 

The type of prior list and interactions 
did not approach significance so these were 
combined, and the mean efficiency. scores 
for each degree of learning, speed of learn- 
ing, and item difficulty are presented in 
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Table 6. Efficiency decreased aer 
Munus increased, F (2, 198) = 4.01, 

« .05; slow Ss were more efficient than 
fast Ss, F (1, 198) = 1041, $ <.01; and 
difficult items produced higher efficiency 
than easy items, F (1,198) = 5.90, p < .05. 
None of the interactions approached signi- 
ficance. These results confirmed the trends 
in the previous experiments. 


GE) 


Although the effects were small, 
associate learning ability 
related to the efficiency of 
difficulty of items directly 
in all three experiments. 
increase in the efficiency 
Experiment III due to prior learning of a 
paired-associate list. However, the increased 
efficiency did not depend upon whether the 
stimuli in the prior list were single components 
or compounds. Apparently, practiced Ss are 
slightly more efficient without regard to the 
type of practice stimuli. 

The efficiency of cue selection decreased as 
degree of learning increased. Considering all 
three experiments (Tables 3 and 6), the mean 
efficiency was about 80 at the 4/6 criterion, 
decreased to about 71 at 6/6, and then de- 
creased to around 62 at the 2p + 14 criterion, 
This decrease in efficiency is, however, an 
empirical result and is not necessarily a basis 
for concluding that a theoretical selector 
mechanism becomes less efficient, or relaxes, as 
degree of learning increases, 

The recall to the component, 
result of the learning trials and 
that learning of 
the result of the 
It is also 
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of Ss was inversely 
cue selection and the 
related to efficiency 
There was a small 
of cue selection in 


S reflects the 


it is assumed 


ntion May yj 
focus on 


focus m 
unnecessary component- 


learned because the focu 
does not entirely exclude 
because the focus is shifte: 
ponent after learning 
compound, 

First, consider the decrease 
the 4/6 to the 6/6 
Although the same 


ary in 
a component and 
ay change, 

response pairs n 
Is on one Component 
other Components or 
d to a diff, nt com- 


iffere 
to one Component of the 


Thus, 
nay be 


i in efficiency from 
criterion of learning, 
I analysis can be applied to 
both Experiments | and IT with similar results 
the data from E; periment I will be used as the 
example. It required 3.50 and 6.06 Mean 
number of learning trials in Experiment I to 
attain the criteria of 4 spectively, 


1/6 and 6/6, re 
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As shown in Table 3, this mean der v 
2.56 learning trials produced a M 724. 
9.3 in the efficiency score, from p E that 
Although this decrease in efficiency s pe. the 
a larger proportion of the learning ary com- 
4/6 to the 6/6 criterion was unnec à ed prior 
ponent-response pairs than v the hum the 
to the 4/6 criterion, the efficienc e aated DY — 
trials between criteria cannot be aungi this: 
comparing the two efficiency gum. 2 will be 
the combined means in Tables 1 e Es recall 
used. The mean number of pee 
responses (Table 1) increased fron of learn: 
6.89 from the 4/6 to the 6/6 E a correct 
ing, and the mean number of one from 40 
recall responses (Table 2) pipe er dif. | 
to 4.72. The increase in the i divid 
ferent correct. recall responses oe rece” 
by the increase in the number E the com 
Tesponses (1.56) shows that 42 Ad. ped o 2 
ponent-response pairs were patie i 
duce a corresponding increase in E acq"! 3 
trigrams, The other 58% of the pape. fron 
during the 2.56 trials required at neces 
the 4/6 to the 6/6 criterion were er crite"! ti 
The same computations at the compone, gh 
show that 76% (4.06/5.33) of Hem and Zt 
response pairs learned were neces dri 24 na ; 
Were not necessary. The increase yt nece ame 
58% of the learning which was HR in "ihe 
indicates that attention has ciang to 
fashion during the trials from the 
6 criterion. 


Second, consider the decrec Expe 
With degree of overlearning 1n “fast à" € ive 
Shown in Table 6. Comins item? rr 
Ss as well as easy and an 4 fo 
efficiency scores of 70.8, 65.5, rin respe og e 

p ar i 
2p, 2p + 7, and 2p + 14 eot N p 
E ‘amination of Table 5 shows ot the ye 
in effici 


ac 
À - the fa 
ficiency is produced by t "act 


Mean number of different CO a 
Sponses is approaching the d 
With very little increase over t ber 
ing trials, While the mean mun pere 
recall responses continues to, arial 
one in every seven overlearnine 
Suggests that attention en erie 
much the same throughout = is due Í 
that the decrease in Ediciones he aft 
performance limitation on E 
different responses recalled. experi he 
The data from these three the hori 
Compatible with the view E 
ocus of attention does nat ril 18€ P 
Various stages of learning. 3 e 
Ss focus on single compone? 
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but without any consistent rule of selection. 
During this period fast Ss learn more than 
slow Ss, and by definition, more easy items are 
learned than difficult. After a few trials, Ss 
apply a consistent rule of selection, e.g., select 
the first letters in the trigrams, and proceed to 
learn the responses to those components. 
Ince learning has already occurred to other 
Components and this learning is retained, the 
Carning according to the rule decreases the 
efficiency and decreases it more for fast Ss and 
Mcr Ee After the rule of selection is 
En d xf le focus of attention is on the selected 
eects and does not change throughout 
earning. If this interpretation of the 

Be correct, inducing Ss to select according 
ee D ees very first of learning should 
Bt and 1e dii erence in efficiency. between 
i „Slow Ss and between the easy 
cult items, 


Pr e and 
Š ms. t should also eliminate the 
arp drop in efficiency prior to complete learn- 
E of the compound list. 
qi ithin the 
Mhoult 
With th 
that 


framework presented above, it is 
to compare the results of overlearning 
ose from previous studies. 


m 1 It is clear 
TM erlearning of the compound list pro- 


ches, T increase in the number of effective 
Tate T Ma al it must be shown that the 
Tesponge ër ning of unnecessary component— 
Ih ord. Pairs increased during overlearning 
Tto be evidence for any relaxation of, or 
sentation Ee selector mechanism. The 
me an A - mia of results in most 
Eos make the necessary comparisons. 
ave on Y, only James and Greeno (1967) 
the ee sented clear evidence for relaxation of 
uu ctor mechanism with overlearning. 
effc * Study there was no increase in the cue 
8/8 aes of the trigrams from the 4/8 to 
Crease Thing criterion but there 
With overlearning. 


Cha 
Ne 
Dre. 


Sty 


Was an in- 
The present study 
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does not settle this question but it does present 
a method of analysis which may help obtain 
relevant evidence. 
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i i i share vo letters 
Paired-associate lists in which consonant trigram stimuli iud ian S Eins 
aIECG-AsSOCIB a F: N E ADR he letters mi £ 
a a ther a 1:2 or 3:2 sec. rate. 2 
Y earned by anticipation at ei sib URG . ES HE 
kr. stimuli were arranged so that both distinctive and common le p bbs 
i. identical positions in all items, only distinctive letters were z : d rs 
Bouillon or both kinds of letters were in different positions. Ha orbes 
s i t Aun. 
a each list were instructed as to the structure of the stimuli. opis ond 
tions enhanced performance only if the distinctive letter was in pig ied 
osition in all items. Several analyses and a second experiment sugg LN 
Hn this deficit resulted from differences in stimulus coding time during 
learning and recall. 


re 


When the human learner is required to 
associate each of several differ 
with a different cue for recall, 
consists of not only learning 
associations, but of 
ference produced by 
ence of other associ 
same context. 

It has recently been 
1970, in press) that the 
ence which occurs w 
formally similar is res 
and utilizing discrimi 
not by the direct weakening of interfering 
associations, Thus, any condition which 
delays or increases the difficulty of estab- 
lishing stable discriminative codes for the 
cue stimuli should allow formal similarity to 
exert powerful inhibitory effects on le 
Conversely, conditions which f. 
acquisition of such codes shoul 
effects of similarity, 

Furthermore, the evidence h 
that, at least in Some cases, 
process appears to function lik 
generating distinctive codes 
like a mediating response 
each specific stimulus (Run 
Thus, when fewer rules 
APA-88 from 
Canada. 
conditions. The Rs 
fontaine, Adele James Sherry Banks, 
John Schmidt, David Miller, and Robin 
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N. Runquist, Department of I 


of Alberta, Edmonton, 


ent events 
the problem 
the correct 
alleviating the inter- 
the concomitant pres- 
ations learned in the 


argued (Runquist, 
increased interfer- 
hen cue stimuli 
olved by establishing 
native cue codes and 


are 


arning, 
acilitate the 
d reduce the 


as indicated 
the coding 
* à rule for 
and not merely 
associated with 
quist, in press), 
are necessary to 


Smith, 
to Willard 


sy chology, University 


Alberta, Canada. 


rule? 


ARE shen the rga 
senerate distinctive codes or wh b 


Id 
are more salient, interference shou 
less persistent, "T 

sing unintegrated ong 

as stimuli in paired-associate be the 
quist (1970) has shown this to b an 

Jhen stimuli shared two letters an; 

letters were j 

stimulus, 


rane 
rigra 

t Prun- 
casi 


"uon dn each 
n the same que] as whe 
learning Was as bed" Scran 
there were no shared letters at dant e iffi- 
bling the position of the redun ee in di 
resulted in considerable ame 
culty even though the Ce ills 
held the Same position in all Sum tiv 
the Position of the ANOM a 
also differed among the items, ! 
Was also substantial. ia eU 
It should be noted that, n jizable tive 
above cases, a single verbo crimini 
Could be used to define the de ef 
letter, [5 the first two -— all it^ 
letter was in the same anc atm cou 
third case, the code le „r whic 
ained by selecting the € lettef? ipe 
Dot one of the two redunde p 
?"PDears, then, that inconsis dant i 
Positions of either the "P 
9r the code letters results al gene 
iscovering a rule which Ms cue 8" 
truly distinctive code for eac ar y 
in the set, erbal Je ng 
Of course in the usual MS exc di 
experiment, conditions make nulat®, 
ifficult for the learner to mat ine 
rule due to the fact that ker a 
items are presented singly & 


2 ta 
were 
rate. Suppose, however, 5 Y 


h of 


In the 
obt 
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PM the stimulus set (i.e., how to 
E c c RR letter) prior to learning. 
diculty o eliminate any differences due 
anly if sux m discovering the rule, particu- 
Sisto c i ient time is allowed on study 

o encode items appropriately. 
experiments reported here, Ss were 
xamples of stimulus sets having 
ant and code letters arranged as they 
fi i ‘the lists they were about to 
the al ye a detailed desc ription 
Etrictural s o that list. If the effects 
are Hus ig aur Blexity described above 
iscovering i erences in the difficulty of 
S8 a sufficient coding rule, the 


ects o 
ug em i 
tructed ght to be eliminated under in- 


Ample « 
iden Pte study 
ation, 


time is not the only con- 
however. Typically, experi- 
NONE restrictions on retrieval time 
Tu EUM i difficult for S to activate 
à Sek ae zi the appropriate discrimi- 
etrieva "e still have sufficient time for 
icularly in c recall. This would be par- 
ale pas portant should code generation 
For Pind with some rules than others. 
invo] ed reason, the first experiment also 
tecaj, variation in the time allotted for 
Method EXPERIMENT | 


Sup; 
syet Jects and design, 7 


jon ology Studis T he Ss were 240 introductory 
vy lent to obtain co 10 volunteered for this ex- 
EN itle iim course credit. Each S learned 
is ure. The RUIT list by the anticipation 
con al Coinbinatio Involved four variables in a 
tign tions, two ation. There were three similarity 
Dus Con ito e PIApaton times, and two instruc- 
Stu XPerimene replicated with two sets of lists. 
a lies, the first 45 COnducted as two consecutive 
ting’ item) d ns a short anticipation. time 
Were Z nS second with a long anticipation 
the® signee fees Within each experiment, Ss 
Whi oratory © conditions as they appeared at 
Bas renders Me ee to a prearranged scheme 
an SS containing the order of conditions within 
Re itional A e ch condition once. Data from 
fair S for deen were collected but not used 
cone to reach a Be these Ss varied, but several 
dis ition, They F ertormance criterion in the 3-sec. 
rap but s Were, however, more or less equall ; 
ndor Al » c3 the various conditions at this 

Ar B uat 2s e tested by carefully trained 
Whig als, The 

hou le 


lists consisted of six pairs in 


Ne sti i 
SUmuli were 
! Were consonant trigrams of low 
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ciation value and the responses common one- 

svllable nouns. In all lists, the trigrams were con- 

structed from eight different consonants with two 
consonants occurring in all items. Three different 
structures for the trigram set defined the variation 
in similarity. In one set of stimuli (CR), both the 
code letter and the redundant letters were in the 
same position in all items with the code letter 
always being in the middle position (e.g., JMV, JBV, 
JSV, JPY, JTV, JNV). In the second set (C), the code 
letter was always in the middle position, but the 
redundant letters were not consistently placed from 
item to item (eg, JMV, VBI, VSI, JPV, JTV, VX]). In 
the third set (R), the position of the code letter was 
inconsistent from item to item, This, of course, 
necessarily produced differences in the positions of 
redundant letters, but the order of these letters was 
always the same (e.g., BIV, SIV, JMV , JVP, JVX). 
The replication lists had the same structure as the 
above with the code letters being H, D, L, W, C, R, 
and the redundant letters z and Q. Two different 
sets of response terms were used, one with each 
replication. Half of the Ss in each group used each 
replication list. 

Procedure. Materials were presented on two ad- 
jacent IEE 80000 display cells located at approxi- 
mately eye level in a booth. Stimuli were pro- 
grammed by punched paper tape and were timed by 
a motor-driven cam in conjunction with a Hunter 
interval timer. Learning v by anticipation at 
cither a 1:2 or 3 c. rate with no intertrial interval 
and with five different orders. Prior to learning the 
experimental list, all Ss learned a practice list con- 
sisting of nonsense shapes and two-digit numerals 
for 10 trials. This list was presented at the same 
rate as that used in learning the experimental list. 

After learning the practice list, those Ss who were 
not instructed (NI) began work on the experimental 
list after a brief instruction that they would now 
learn pairs of letter combinations and words. The 
instructed (I) groups were first shown a card on 
which was printed a set of consonant trigrams 
structured in the exact same manner as the experi- 
mental set to which they had been assigned but not 
containing any letters from this set, and E carefully 
pointed out how this list was structured, i.e., verbal- 
ized the simple rule for list construction. The ex- 
ample list was always the list used in the other 
replication condition. After it was clear that S 
understood the structure, he was informed that he 
would now learn a list just like the one he had seen 
but consisting of different letters. In the case of 
Lists CR and C, he was told that the code letter 
would always be in the middle position between J 
and v (z and Q), with the additional note to those 
Ss learning List C that the positions of J and V 
would not be the same in all items. In the case of 
List R, Ss were told that the stimuli would consist 
of J and V (z and Q) and another letter whose 
position would be different in the different items. 

All Ss then received five anticipation trials. Fol- 
lowing Trial 5, an S-paced recognition-recall test was 
given in which the six list stimuli and 24 distractor 
trigrams were presented to Sas a deck of cards, each 
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RI si igram. The S turned over 
Rus cipue ede “When he came toa trigram 
Bess Doucht was in the list, he called it out 
Beet i i to recall the response term associated with 
s DH fors were chosen so that six of them had 
d Saat letters interchanged in Position, six 
had ie code letter changed in position, Bn nag i 

of the redundant letters changed, and six had the 
nged. 
a orai de run through the deck, all Ss 
resumed anticipation learning. The 1-sec. group 
was given 15 more trials or 4 perfect trials, which- 
ever came first. T he 3-sec. group was run until 
they had reached eight consecutive perfect trials, 
regardless of how long it took, and then were given 

10 trials at a 1:2 sec. rate. The purpose of this 

phase was to determine whether complete mastery 

of the list permanently reduced interference or 
whether interference was still present and would 
become manifest under greater time pressure. 


Results 


Several methodological issues 
dispensed with before dealing with 
findings. The first issue is the 
bility of samples of Ss in various ci 
Separate analyses of variance were con- 
ducted on the 1-sec, and 3-sec, conditions, 
Within each condition, differences 
groups were not significant, 
< 1.00, in both cases. 
different anticipation 
comparison between these two sets of condi- 
tions is not meaningful 


is » 80 that their com- 
parability cannot be assured. Since 
data were collected ata 1-sec, rate prior 


to those at the 3-sec. rate, and since many 
of the Ss who Were discarded were x 
who failed to reach the stringent criterion 
in the 3-sec, group, sample differences be- 
tween the two rate conditions are possible 
Such differences are unlikely, however. 
First, the 12 Ss who failed to reach criterion 
in the 3-sec. groups differed only slightly 
from the other Ss in mean total correct on 
the practice list (34.6 vs, 8 correct re- 
sponses). Second, a Comparison of the 
first and last 24 Ss to be run Within each 
of the 1-sec. and 3-sec, Conditions did t 
produce substantial differences (21.6 wes 
22.0 correct for 1-sec. Ss, and 35.9 Vs. 
40.0 for 3-sec. Ss). Finally, an analysis 
of both experiments with SS stratified by 
practice list Performance did not result in 
essentially different trends at any level, 


Consequently, any possible Population dif. 


may be 
the main 
compara- 
onditions, 


among 
F (5, 114) 
Because of the 
times, however, a 


the 


those 


7 


= > the | 
ferences would appear to affect oa 
main effect of test time which is 
ally trivial. at the 
er kei issue deals with the fact Wie 
R list contains items with the pe the 
in all three possible positions, e code in 
CR and C groups always have tar re- 
the middle position. Since pre that 
search. (Runquist, 1971) has d effec 
code-letter position has Ree simi- 
on performance, differences poe effects: 
larity conditions might reflect t "d py con 
This argument may be alaye list which 
paring the two items from the . position 
had code letters in the middie, I and * | 
With the same two items in the C .rcentaBl 
conditions. No differences in ae wer! 
correct for this subset and the tota nse 
apparent under any basque am on 
quently, all analyses were perfo 
results from all items. ; 
Acquisition. Table 1 a ak Un 
total correct summed over m onse: us 
mean trials to first correct resP of ovel 
mean overt errors, and the po^ 
errors to opportunities for ah neo at 
experimental conditions. |f 5T ume E. 
terion prior to 20 trials, it was a etd E a 
further trials would result in e e 
formance. Although the uh in a ro 
were run to eight correct tria!s 


RUNQUIST 


o 
d 


mean 


TABLE 1 


RES A 
ici; MEASURE SERÁ 
ON PERFORMANCE ! : 


Mean 
Mea 


i 
Mean total || iri to emo | d 
correct | frst correct ts Ss 


1 sec. Se ais 16 

— "us |o»: | 

16.0 M 

124 NU) 
6.6 

10.1 

13.2 


34.9 
49.6 
47.2 
22.0 
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for this analysis they were scored as if the 
Criterion were four perfect trials, but with 
extremely rare exceptions, no errors oc- 
Curred after four perfect trials anyway. 
The total correct response measure is also 
influenced by a disruption in performance 
resulting from the insertion of the recogni- 
tion test after Trial 5. While generally 
Speaking the 1-sec. groups were more dis- 
Tupted than the 3-sec. groups, there did not 
appear to be any systematic variations in 
oss within each condition. 
Major trends for the data in Table 1 
May best be delineated with reference to 
Significant sources of variance in the anal- 
ysis. For total correct responses, the main 
effects of instructions, /^ (1, 216) = 31.74, 
and anticipation time, /^ (1, 216) — 272.69, 
Vere both significant (both ps < .01). Of 
more interest, however, are the eflects of 
Similarity, F (2, 216) = 15.44, p < .01, and 
the interaction of similarity with instruc- 
tions, F (2, 216) = 4.34, b < .025. Under 
Noninstructed conditions, the pattern of 
Fesults was similar to that found in a 
Previous study (Runquist, 1970) with the 
|^ condition producing better performance 
E pls conditions which were about 
Sever amisimus as to list 
DM li erentially fac 
tons. Most notable 
Condition w 


structure, 
ilitated these con- 
is the fact that the 
struction (hil ped affected. uy me 
Bhowed 2 m rts both. CR and C groups 
B i erable facilitation, It should 
aed nat the ¢ Sroup was still some- 
ls ved to the CR group, even when 
Pointed a nature of the middle letter was 
s me While this difference largely 
Origer p^s When anticipation time was 
A NAR he interaction. of similarity with 
B Pup and time was not significant 
Cant, x ae other factors were signifi- 
lon? fend n oth similarity and instruc- 
th Sec ef e show smaller effects with 
arity ^fi ie The interactions for simi- 
^ i instructions, respectively, were 
= 2.67 and F (1, 216) = .81, 


Q, 216) 
PS < .10. 


both 
1e mean number of tr 


Orrec 
Trect response 
early 


ials to the first 
Provides a measure of 
In this case, the results 
ant with the total correct 
Instructions, F (1, 216) 


are 2) IC Uisition, 
B almost redund 
Sponge measure. 
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TABLE 2 
RECOGNITION Test RESULTS 

| i Trans- | Trans- | Change » 
"-—-— eee | Tran | Chante] Change 
Group | recog- code | dant | jeter 

| nitions | letter | letter 
1 sec. 

CR-NI 34] 41 9 2 5 

C-NI 76 | 44 15 7 10 
R-NI | 84 43 | 31 1 8 
CR- 85| 43 | 5 39 8 
C-I | | 107 72 8 18 9 

RE | 76 | 25 31 13 7 

L ant 
5 sec. 

á " js ; - 

29 6 9 j 7 7 

63 46 9:4 7 1 

48 22 16 | 6 4 

37 22 10 4 1 

| 101 | 74 3 |] 2 2 

111 65 32 8 6 


= 25.10; anticipation time, F (1, 216) 
= 163.64; and similarity, F (2, 216) = 9.44, 
were all significant (p < .05). In addition, 
the interactions of similarity and instruc- 
tions with time, which were not significant 
with total correct responses, did achieve 
significance with this measure, F (2, 216) 
= 4.20, p. < .025, and F (1, 216) = 4.60, 
b < .025, respectively. The interaction 
of similarity with instructions, however, 
did not reach acceptable reliability levels, 
F (2, 216) = 2.78, p < .10, but exhibited 
the same trend as with correct responses. 

The overt error results were as unen- 
lightening as usual. Only the main effects 
of similarity, (2, 216) = 4.77, p < .025; 
instructions, / (1, 216) = 6.18, p < 9i 
and anticipation time, F (1, 216) = 17.99, 
p < .01, were significant. Essentially, CR 
groups made fewer errors than c or R. 
The error rate, however, did not differ sub- 
Stantially among the groups, although it 
was somewhat higher with 3-sec. anticipa- 
tion time. 

Recognition test. Several measures were 
available from the recognition test given 
after Trial 5. These results are summarized 
in Table 2. The first column reports mean 
correct recognitions (maximum = 6). The 
differences among the similarity conditions 
were significant, /^ (2, 216) — 15.98, pc 
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e eri- 
01, and showed the usual P x p R 
rity of the ee, Aiiticipation 
EISRDS mur facilitating main 
time ean 216) = 9.30, p < .01, although 
ee asc jt is more interesting, since on 
^ nale nition test there are no time re- 
thes recogs 'Thus, the effect must represent 
Bes sar residual effects of longer 
M is aros time on the trials preceding 
TOM and could be due to more exposure 
uU" Peal in the 3-sec. conditions. While 
i E in effect of instructions was not 
agmen (F « 1.00), the interaction of 
_———_ with similarity did reach an 
acceptable reliability level, F (2, alm 
ESL 5 < 0f The effect, however, 
differed from that found on acquisition per- 
formance, in that only the CR group per- 
formance changed with instructions, and 
the effect was to decrease the number of 
correct stimulus identifications. 

The total number of f. 
made by Ss in each group is shown in the 
second column of Table 2. 
effects of similarity, /° (2, 216) 
instructions, F (1, 216) = 
significant (both bs < .01) 
effect reflected the usu 
the effect of instruction 
false recognitions from 


alse recognitions 
The main 


8.20, were both 
. The similarity 
al pattern, while 
S was to increase 


an average of 2.7 
per S to 4.3 per S. Further assessment of 
the false recognition data was h 


a significant fourth orde 
similarity, instructions 
and lists, £ (2, 216) 
à plot of this inter; 
essential aspect of the si 
tion among simil 
time, F (2, 216) = 
interpretable, In general, thi 
trends: At 1 sec, ; 


' Instructions 
false recognitions for Conditions G 
but not for Condition R, 


structions increased erro 
C and R, but not for Condition 
The next four columns 
tribution of false recogni arious 
types. First, it is clearly apparent that 5 
rarely accepts a distractor in which 
code letter has been changed, 
under noninstructed co 


nditions, 
accepts a distractor in Which oi 


ampered by 
teraction among 
» anticipation time, 

49, b < 05, but 
revealed that the 
gnificant interac- 
arity, instru 
5.57, p 
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Action 


two 
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Present th 
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M Oreover, 
he rarely 
le of the 
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d. Most 
redundant letters has been changed M 2 
of the false recognitions consist € letter 
Which the position of either the s d with 
or the redundant letters is m ofine 
the latter predominating. - The e ternal 
structions and its significant ir time are 
with similarity and anticipation ande 
reflected in increases DUE M the 
errors. At 1-sec. anticipation both CR 
increase in false recognitions plecu 
and C results from an increase scie: items 
distractors in which the redundan a : 
have been either transposed y op in the 
For Condition R, there isa small i items 
frequency of false ee put this 
with redundant letters transposec, cceptin£ 
is offset by a small increase in hange : 
items with ificant 
at less 


and R groups, while a 
same in magnitude, is sonaire increas 
in character, Both groups show items i 
in the frequency of accepting put th 
transposed redundant letters, tance 
Sroup also increased its p cha 
Or items with redundant eue ro 
while the R group increased the 


creas 


rag chars it 
atter was MED! 
of errors where the code wey poin P TES 
H ble . H Je 
position. Again it should 


that the effect of 


on {tere 
anticipation nm 5 ]ea 
residu 


us 

al effect from the five [gent i 
ing trials in that differential n re ree 

Strictions Were not operating on t 

tion test, ; attenP 

p oc the re 0 
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recall the correct response Qu. 
tion test. Credit for a gome 
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Correctly stri 
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appropriate de gem A 
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Containing the correct code hat coe 
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only once for each S, despite possible mul- 
tiple false recognitions containing a par- 
cular code. He received credit for a 
Correct recall if he recalled the correct re- 
pone to any stimulus containing that code 
Ser. For the strict recall measure, only 
Similarity, F (2, 216) = 10.59, p < .01, and 
anticipation time, F (1, 216) = 47.73, 
M quis Ware significant. Both effects 
hen as with Previous measures. 

r instructions, F (1, 216) = 1.40, 


no E c ( ] 4 
ES teraction of instructions with 
E arity, F (2, 216) = 1.66, was signifi- 
ant. For lenient recall, similarity, / (2 


T i 5.83; instructions, F (1, 216) = 
n and anticipation time, F (1, 216) 
Eo were all significant (all ps < 01) 
E interaction of similarity with in- 
b ions approached significance, / (2, 
Gr Jubet < 40. The main feature 
E D a ysis is that the essential differ- 
E is mong conditions hold even when 
os unpaced. 

he final two columns in 7 
Ne recall dat 
O8nitions onl 


Fable 3 present 
à conditional on correct rec- 
Both lend rnice) or conditional on 
Ee oor aS and all false 
hot differs (lenient). , These results did 
Bit ae ri unconditional recall, except 
Patios 4 teaming with the 3-sec. antici- 

Mme conditional recall was uniformly 
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high. Also of some interest is the fact that 
it made little difference whether recall was 
conditionalized only on correct recogni- 
tions or also included appropriate false 
recognitions. 

Reduced anticipation time. When those 
Ss who had learned at a 3:2 sec. rate were 
switched to a 1:2 sec. rate, perfect perfor- 
mance was disrupted in all groups. More- 
over the R groups lost more (26%) than 
the CR groups (16%) or C groups (18%). 
The difference was maintained over all 10 
trials. Similarity was the only significant 
source of variation both on the frst trial, 
F (2, 108) = 3.96, p < .05, and for total 
correct responses, / (2, 108) = 4.19, p < 
-025. Although these results could be due 
to general procedural change, it would 
appear to be more likely that temporal 
restrictions on retrieval are involved. 

There is little reason to expect differential 
loss due to general disruption, particularly 
between C and R conditions where per- 
formance was equally bad prior to criterion. 
Moreover, the effects persisted over 10 
trials. 


Discussion 


The effects of structural relations among 
stimuli are clearly demonstrated in these re- 
sults. Lists in which stimulus terms shared 
two letters were clearly easier when the re- 
dundant letters and the code letter were in the 
same position in all items. When the position 
of either the redundant letters or both re- 
dundant and code letters varied from item to 
item, performance was about equally dis- 
rupted. The absence of a low-similarity group 
made it impossible to determine whether letter 
position consistency completely eliminated 
the effects of similarity as has been found in 
other studies (Runquist, 1970). While this 
comparison might be of some interest with the 
noninstructed groups, any comparison with 
Instructed conditions would be complicated 
by the fact that the latter had information 
about the stimuli which could not be made 
*quivalent for low-similarity lists. 

Instructing Ss as to the list structure facili- 
tated performance as long as the code letter 
Was in a consistent position, but had virtually 
a cn ee responding in Group R 
between the two te t be ne 
Sodedertes Doers Be which had consistent, 

generally indicated that 
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Group CR, in Which redundant ee also 
were in identical positions, continue | eR 
Íorm somewhat better than Group C, in which 
the redundant letters varied in Position, 
although differences were often small, particu- 
larly when S was given sufficient time to recall. 
The conclusion may be made that knowledge 
of a rule for generating distinctive codes is 
insufficient to eliminate the differential effects 
of structure in lists with highly 
This conclusion depends, of 
assumption that Ss did, 
the structure of the list 
Although no independe 
knowledge is available, 
reasonable that any 


similar stimuli. 
course, on the 
in fact, understand 
they were to learn. 
nt measure of this 
it does not appear 


misunderstanding could 
exist even in the R condition Where the rule 


is somewhat more complicated, Moreover, 
the types of false recognitions made by various 
groups consistently indicate that Ss not only 
understood the structure, but utilized this 
knowledge in appropriate ways, i.e., 
ing redundant letters in 

was a sufficient dete. 
and ignoring positior 
not. While diffe 


letter 
€ it was 
understanding 
discounted, it would 
/ that some additional 
ated with list Structure 
of the rule, thus main- 
fferences, 
is that interfere: 


distinctively i 
kind used her necessary 
for S to hav, tter as in M 
the other 
n in not ensure the 
Retrieval may cons 
in which S first cod 
its distinctive code letter, 
letter in conjunctio. 
of that simulus 
differences, even in redundant 
make associative Je 


difficult. 


The role of anticipation time does 
as simple as considered earlier, 
seemed obvious th tiliz 


would take time, and 
expected to produce less 
severe limitations we 
time. In one sense, 
held in that differe 
groups in the instruc 
at a 3-sec. than 


re placed on 
this expectation 
nees among the sim; 
ted conditions Wer 


i e smaller 
ata I-sec. anticipatior 


n time, 
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It is clear, however, that differences in P 
pation time do not simply affect -— ici 
trieve. Recall performance on the formance 
recognition test yielded better ‘anticipation 
for all groups which had a Pass BOOS ae 
time during the first five bg a a 1-sec. 
when compared with groups nerd differ- 
anticipation time. Furthermore, whi nditions 
ences in recall among the similarity cor aia 
were small after learning at a 3:2 ne was 
Group R, in which the position of the i an the 
inconsistent, recalled fewer items e at 
other two groups when they had lea a, that 
a 1:2 sec. rate. It would appear, pr 
some processing of the stimuli MR A cri 
the anticipation interval which has pe when 
effects, and this processing is less efficie osition- 
the code letters are not in the same p of this 
Not all of the deficit in performance manent 
Sroup can be attributed to this plera 
process, however, since even after EE, toa 
overlearning ata 3:2 sec. rate, switc ind per 
1-sec. anticipation interval attenua , incon- 
formance more when code letters were 
sistently placed, le in terms 
Actually, these results are resolvab we hs 
the coding-rule hypothesis. Di vate he 
anticipation interval, § must BEN as 
rule and generate the discriminative © time 
well as attempt recall. With ie n t e 
limitations, the coding process may earning 
completed, anq thus before associati s ocessll 
can proceed, S must complete this P. it tak 
during the Study time. The longer a " 
to complete coding, the less er simply 
is available, Longer anticipation um „socia 
allow for more time to be devoted to as 
learning during the study period. generat po 
The further implications are that E: ien t 
the distinctive code takes longer p É 
Tule is not defined by consisten o kinds 
roup R thus suffers deficiencies "ne for 9' 
ess time for retrieval and leas Hd ser 
ciative coding, the latter becoming 
as anticipation time is lengthened. 
The critical assumption is that E 
the rule, code generation takes x erim 
the case of R than CR and C... EXP 5 


"dance 
Ds j S i evidenc 
Was designed to obtain direct evi 
assertion. 
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n kn in 
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This experiment attempted sti "m 
Measure the latency of code gene” i 


P tS e 
the three types of stimulus S€ was P 
“Xperiment I. Essentially, the 
Sented with the stimuli from 


Se ee 
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STIMULUS CODING DURING LEARNING AND RECALL OF PAs 


ata time and was required to call out the 
code letter. 


Method 


Subjects and design. The Ss were 60 introductory 
Psychology students selected and assigned to one of 
three conditions in the same manner as in Experi- 
Ment I. The three conditions were defined by the 
Same three paired. sociate lists used in E periment 

Each S learned a single list. Immed tely pre- 
ceding learning, and after Trial 5 and Trial 10, the 
Stimuli were Presented singly, and S was ced to 
call out the code letter as quickly as possible. After 
the experiment was completed, an additional eight 
7S Were run on each of Lists C and R, with the 
Code-latency test being given only after Trial 10. 

Ss were tested by carefully trained under- 
Staduate Es, 

Apparatus. 

Tansluce 


All items were rear Projected onto a 
nt screen by means of a Dunning Animatic 
“mm. filmstrip projector, Items appeared white 
ES dark background. For learning trials, pre- 

2 sec. rate and w. controlled 
Y à motor-driven cam. On the code 


lens of the projector. The filmstrip was 
ally advanced by E who then exposed the 
Y pressing a. button which activated the 
NP and simultaneously started a Hunter Kloc- 
ceed A Grason-Stadler voice-operated relay 
9bbed the clock when .5 m 
Tocedure, All 
learning 


te 
shape-numeral list. 
the Simp ae eee sas to the structure 
Riven; LEN Sets, which Were identical to those 
Š n Experiment I, In addition, they were in- 
" as to the code-lateney test which followed 
sented ee go this test, the timuli were pre- 
M eril Waco Tue different orders. The 
cing V ee Me 5 Was somewhat Irregular, 
ire! rom the previous item 
Sentia he E said ready" 

E the item, 
se Ween tri, 


trials on the nonsense 
n given instruction 


by how long it took E to record 
and set up the next 
out loud prior to pre- 
interval was given 
initial latency test, 
learning, a 


No special 
Following thi 
: trials of anticipation 
;. Set of three code-lateney. trials 
Five 8 trials, and three final ] 
trials ders of Presentation were i 

* There wer, 
atency te 
ence w, 


thre, | > 
Seq, S 


as randomly 


€f. There were no diffe. 
list performance among 
P < 1.00). 


rences in 
the three 
The means for total 
.'eSponses on the 10 learning 


and we 29.8, and 26.8 for Groups CR, C, 


Orrect ; 
trials 


' respectively. Thus, the learning 
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data replicate the findings from Experiment 
| at an anticipation time between those 
used in that experiment. 

Code latency. In each group, there were 
1,080 latency trials. There were 3, 6, and 
32 errors made in calling out the code letter 
in the CR, C, and R groups, respectively. 
While the R group made more errors, it 
should be pointed out that this represents 
only 3% of the total test trials given, and 
in any single trial block of six stimuli, there 
was never more than one error. These data 
may also be offered in support of the fact 
that Ss in Experiment I did understand 
the structure of the list, because with the 
exception of the instructions for responding, 
instruction. in the two experiments was 
identical. 

The latencies for each block of trials at 
each stage of practice were first averaged, 
thus providing each S with 18 measures. 
All analyses were performed on these means. 
A four-factor analysis of variance with 
similarity and lists as between-S factors 
and stage of practice and test trials vithin 
Stages as within-S factors resulted dn 
significant effects for similarity, F (2, 54) 
= 51.85; stage of practice, F (2, 432) = 
18.50; test trials within stages, F (2, 432) 
— 38.89; and the interaction between stage 
of practice and test trials, F (4, 432) = 8.81, 
all ps < .01. There were also two inter- 
actions with lists: similarity and the 
similarity by practice stage interaction. 
Both of these simply reflect greater effects 
with one of the two lists and are of no 
consequence in interpreting the results. 

The effect of major interest was the 
differences in latency among the three 
similarity groups. These means were 515, 
593, and 806 msec. for CR, C, and R 
groups, respectively. Several analyses per- 
formed on the third test trial after 10 trials 
of learning dispel any doubts that this re- 
sult is an artifact. It is neither a conse- 
quence of one slow item, nor of different 
stimuli being used in thelists. If one looks 
at the item with the shortest latency, Con- 
dition R maintains its disadvantage (mean 
latencies were 477, 469, and 604 msec. for 
the CR, C, and R groups, respectively). 
A comparison of the three different code 
positions in Group R produced evidence 
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at code search in this group is serial 
de inati in that latency in- 
and o bac ud LS G08, Tee ir 
2 rith serial po: » 109, 
B P all three values 
Are longer than those obtained for the CR 
ta C items on this trial (536 and 535 eras 
respectively). Without any doubt, P ta ces 
longer to obtain the code letter when its 
position is variable. 
The other main effects are also of some 
interest. There was some improvement 
within each of the tests. The mean laten- 
cies were 716, 628, and 628 msec. 
effect was largely due to slightly longer 
latency on the first item of the first block, 
Latency also showed a significant decrease 
with stage of practice: 697, 646, and 633 
msec. after 0, 5, and 10 learning trials, 
respectively. The result apparently has 
little to do with paired-associate learning, 
however. First, a plot of the interaction 
of practice with test showed that the effect 
was restricted to the first test trial in the 
series of three, Second, two groups of Ss 
(n = 8) who were given the code-latency 
test only once showed latencies after 10 
learning trials almost identical to those 
obtained by comparable groups on the test 
prior to paired-associate learning. 
Irrespective of these results ho 
latency data 


are in complete 
the hypothesis, 


This 


Wever, the 
accord with 
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these results 


Y of interference, Whereas 
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1965. (Under. 


he fact that 
can operate to reduce i 


by letter identity among stimuli see 
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codes are based on the forma 
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much interference js Produced, 
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the fact that being able to generate 
tive cue code does not necessarily al] 
interference, as performance differe 
still present when such codes coul 


determing 


eviate all 
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affects 

crated. The code-latency results s. 
of increased anticipation time on Pete point 
performance in the different paring E an 
to the critical role of HE mia rences dim 
suggest that it is possible for di Sineva to 
interference in both learning and re and not 
result from differences in coding time 3 direct 
from differential stimulus confusion o 
associative interference, impl 

While temporal factors can be ! e clearly 
as one source of interference, they a erfor- 
not the whole story. Differences p code 
mance between the two groups H or mos 
Position was constant point this role 
clearly. Small differences Sending to the 
out the learning data, which accord ‘buted 
code-latency results cannot be attri the dig 
differences in time taken to generate ulate 0" 
tinctive code, While one ight sper es not 
what is involved, such = dg: age in actor? 
appear theoretically fruitful in tha articu ar 
involved may be restricted to those jo false 
Structures. Suffice it to say pe od differ 
Tecognition data suggest rather pras an 
ences in the knowledge about the Ips: The 
letters in the stimuli for the two ee is he 
Critical Point fora theory of interferer i ctiv 
even given equal availability of 9 
code, there is impairment in agis) AS i- 

rhe overall lesson to be learned jous im 
experiments, however, is that Mer amount” 
larity conditions may produce equ? po 
of interference, but the mechanisms ! 
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involve bo 
Which are 


icated 


these 


. 1ance 
th learning and. perforn 
quite different. 


REFERENCES + jetter iden 
; of lette! 7. 
Reneuisr, W. N. Structural effects Prax perime? 
tity Among stimuli, Journal of ty 
Psychology, 1970, 84, 152 163. 


"T 
of letter ee psy 
UNQUIST, W. N. Ordinal position periment 


Intrali Pa 
Us similarity, In C, p, Duncan, 


"mor y: e 
A W. Melton (Eds.), Human "a ^. Apr! Fy 
for Benton J. Underwood. New eco! 5 
Cntury-Crofts, in press. \ Stimulus repel 
UNQUIST, W, N., & Evans, A. S 


‘ rna 
tion and associative coding. R er studie? 5 
mental Psychology, 1972, 95, eom és 

hese ing ERLEBACHER) ^^ a 


>, "m 
in verbal learning. £ 06)- ces? 
„Erabhs, 1965, 79 (13, Whole No. Coding pu 
“NDERWoop, B, J., & KEPPEL, G- ; Verbal © 
in verbal learning. Journal Ol 2st 
and Verbal Behavior, 1963, 1, 25 


972) 
(Received July 24, 197 


^ 


Journal 


es beri TS 
1973. al Cur imental Psychology 


No. 2, 413-422 
STIMULUS AND RESPONSI 
RETRIEVAL FROM SI 
TRACE DECAY AND 
EDWARD E. SMITI? 


Stanford University 


R 
University 


Re 
fou 
by repeating (on 
the response, (b) only the response, or 
repetition effects only across adjacen 
showed the occurrence of stimulus ¢ 
which declined with ITI. Although t 
repetition effects are mediated by a r. 
that considered repetitions over both 
primarily stimulus (rather than res} 
did not consistently decrease with IT 
more extensive analysis were consist 
elfects reflect a self- 


e 1961, Bertelson reported a repetition 
a choice reaction time (RT) task; 

S to a stimulus were faster if that 
„Was identical to the preceding 
an if it differed. This effect is impor- 
Q4. cause it may mediate other RT 
s found in Studies of rapid retrieval 

Short-term memory, for example, the 

of number of alternatives (IKorn- 

1969), The purpose of this article 
) Mecha attempt to determine the specific 
Cece cud terme for the repetition 

air, tO consider e en E d po^ 
s effect 

itute de. sequence of processes that con- 
STM), rieval from short-term memory 


e 
fro 
tiect 

lun 
ls i: 


are grateful to 
"Omputerized labor 

Health Service 
» more importan 
S a 
eni Cn to the 


John Theios for the 
atory (supported by 
Research Grant MH- 
ly, for the direction he 
The very helpful com- 
ro are also gratefully ac- 
r rch was also partly 
ublic Health Service 
» 19705 to the first author and MH- 
* Second author, Part of this research 


Dresey ad = 
Cholo, RA dat the 1970 meeting of the Midwestern 
gica] Association, 


“Wests for à 


sup- 
Grants MH- 


Prints should be se 
Department of P 
' Planford, C; 


nt to Edward 
3 sychology, Stanford 
alifornia 94305. 


petition effects were studied as a function of intertrial interv: 
r-stimulus two-response reaction time task. 
adjacent or nonadjacent trials): (a) both the s 


terminating memory search, r; 


$ REPETITION EFFECTS IN 
IORT-TERM MEMORY: 


MEMORY SEARCH ! 


WILLIAM G. CHASE 
Curnegie- Mellon University 
G. SMITH 


of Wisconsin 


al (TI) in a 
were varied 
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(c) neither. An analysis that considered 
t trials performed by Bertelson in 1965 
ind response repetition effects, both of 
his is consistent with the hypothesis that 
apidly decaying trace, a further analysis 
adjacent and nonadjacent trials revealed 
ponse) repetition ellects, some of which 
I. Tt was argued that the results of this 
ent with the hypothesis that repetition 
ather than trace decay. 


Repetition ete 


There is substantial evidence that rapid 
retrieval from STM is accomplished by a 
series of four processing stages: (a) The 
first stage deals with a preprocessing or 
encoding of the stimulus, (5) the second 
stage includes a categorization or com- 
parison of the stimulus with respect to 
alternatives stored in STM, (c) the third 
Stage deals with response selection, and 
(d) the final stage directs response execu- 
tion (E. E. Smith, 1968; Sternberg, 1969). 
Thus, a distinction can be made between 
stages that process information about the 
stimulus (the encoding and comparison 
Stages) and stages that are primarily con- 
cerned with selecting and executing a re- 
sponse. The first issue of interest is whether 
the repetition effect is due mainly to the 
former stimulus-oriented stages or to the 
latter. response-oriented stages. Now, H 
the repetition effect were attributable only 
to response stages, then a repetition of just 
the response (and not the stimulus) should 
be sufficient to produce a repetition effect, 
since the operations of the response stage 
are being repeated. Conversely, if the 
repetition effect were due only to stimulus 
Stages, then a repetition of just the re- 
sponse should be insufficient to produce a 
repetition effect. This logic suggests that 
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ona The response repetition effect may 
ien be estimated by the RT ee 
between c and b, while the stimu ay 
tition effect is given by the difference Je- 
tween b and a. Bertelson (1965) was the 
first to use this procedure, but his results 
may be of dubious import in view of a 
confounding which permitted S to treat 
the two stimuli associated with the same 
response as a single stimulus (M. C, Smith, 
1968). (Specifically, Bertelson, 1965, as- 
sociated the stimulus digits 2 and 4 with one 
response and the digits 5 and 7 with a sec- 
ond response, thus allowing S to determine 
his response on the basis of whether the 
stimulus was odd or even.) More recent 
studies using the Bertelson procedure have 
avoided this problem. In these Studies 
(Eichelman, 1970; Rabbitt, 1968), a siz 
stimulus repetition effect emerges co; 
tently; a response repetition effect 
sometimes occur and may other time 
replaced by an inhibitory 
tion of only 
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how recently the alternatives correspond- 
ing to these representations have occurred. 
This hypothesis clearly accounts for the 
adjacent stimulus repetition effect since 
the last alternative presented is frequently 
among the first ones searched. It also 
explains remote repetition effects since the 
representation of a stimulus that has oc- 
curred on Trial 2 — 2 (Ta) will probably 
be higher in the search order on Ta than 
the representation of a stimulus that has 
not occurred in several trials (though by 
this line of reasoning, remote repetition 
effects should, on the average, be of smaller 
magnitude than adjacent repetition effects). 
Furthermore, this hypothesis explains the 
finding that RT continues to decrease with 
increasing repeated presentations of the 
same stimulus (e.g, Umiltá et al., 1972), 


as repeated presentations continually in- 
crease the probability that the representa- 
tion of that stimulus is the first one checked. 
While an unembellished memory search hy- 
pothesis cannot account for a decrease in 
the stimulus repetition effects as the ITI 
lengthens (as Eichelman, 1970, found), the 
addition of one plausible assumption to this 
hypothesis may adequately handle this 
problem. It may be assumed that as the 
ITI lengthens, there is an increasing proba- 
bility that some task-irrelevant stimulus 
(produced either externally or by S him- 
self) will enter STM (J. Theios, personal 
communication, June 1972). This will 
lower all of the memorial representations 
in the search order and consequently reduce 
stimulus repetition effects. 

Thus the trace decay hypothesis can 
easily account for the declining stimulus 
repetition eflect over ITI while the memory 
search hypothesis handles this finding by 
an additional assumption; on the other 
hand, the memory search hypothesis can 
explain remote stimulus repetition effects 
while the trace decay hypothesis cannot. 
The present study attempted to clarify the 
status of these two hypotheses by con- 
sidering both remote stimulus repetition 
effects and ITI effects within the same task. 
Presumably such a study can assess the 
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3 Vv i l wW , heses 
lative validities of tl e two hy pot : 
E. directly than previous experiments. 
m P p e 


METHOD 


Subjects. The 22 Ss who participated in this ex- 
UK were graduate students and junior faculty 
peument D the University of Wisconsin. Their 
E ndn 22-33 yr. and all but one of them were 
ages ERI O 
i anded. : MN: 
Bo and procedure. Each S was run individ: 
ually in a soundproof chamber and white n i a 
awe nted by earphones to mask extrancous Sonig 5. 
Preach trial a single digit, either 1, 2, 3, 5p P = 
presented. The S's task wasito: press one ut $ 
SUR his left forefinger if the digit was a udi 2 
nd the other button with his right forefinger i the 
di it wasa 3 ora 4.4 The digits were presented via 
A Electronics Engineer readout while the 
response buttons were mounted in the arms of S's 
chair. For each S, three ITIs Were used: 100, 500, 
and 1,000 msec. The ITI was defined as the interval 
between the response on T. and the onset of the 
stimulus on Tayi. The.S received 320 test trials in 
a block at each ITI, though only the last 300 trials 
were considered in the analy The order of | ls 
was randomized for each 5. hroughout 
session the stimuli were equiprobable 
sented in random order, The usual 
instructions (“Respond as quickly 
out making errors.”’) were used, 
practice trials before the 
Equipment Corp. PDP-g 
to control the present: 
the duration of the [T 
nearest millisecond. 


the entire 
and were pre- 
eed-accuracy 
as possible with. 
and § was given 76 
960 test trials. A Digital 
computer was Programmed 
ation of the stimuli, control 
I, and measure each RT to the 
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sensory or visual trace. Th 
sis correspond, 
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to our trace 
at Umiltá et al. do not 
trace of interest be a 
er expectancy hypothe- 
our memory arch hy- 


Y adjacent 


h Paper has cleverly jointed 
out that our assignment of digits to terea "s 
sulted in a potentia] Confounding si 

present in the B 


ertelson (1965) stud 
duction). By assigning the = 1,29 one re- 
sponse and 3, 4 to the other response, we Made it 
possible for S to determine his response on the basis 
of whether the stimulus was low 

(3,4). Had Su 


sed this s 
been no stimulus repe: 


study; the fact that ( 
that S did not code t 


üve 
the present 
ellects indicates 
as low or high. 
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> Ts will 

Two different analyses of a ad- 
be presented. The first consi odeled after 
jacent repetitions and is MS the sub- 
Bertelson's (1965) procedure, e of Bertel- 
sequent one involves an v——7]—— as we! 
son's procedure to consider vun analyses 
as adjacent repetitions. ses, The over 
consider only correct responses. rates were 
all error rate was 5% and pu mean 
typically positively correlated informative: 
RT, and hence relatively s santed wit? 
Error frequencies will he preot E 
correct RT data but will mS analyse) 
commented on. Also, for bona resente! 
tabular or graphic results k, them $ 
and any conclusion drawn O o! 
always supported by the € [e 
analysis of variance and often | test: 
come of a subsequent riae 

A Bertelson-type analysis of ESO unit n 
ulus and response repetitions. „nt trials ae 
this analysis is a pair of adjacen precedi! 
the focus is on the effect of Accordingly 
trial, T. on a test trial, T... Rs. "able 
the entries in the first three gn and e" 
Present, for each ITI, mean I -hether* 
Percentage as a function of W e stim" 
E identic? (b) 
Same response (an : 
transition between adjacent 
T.i and T, involved different 


out- 
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TABLE 1 
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ERRORS (IN pant 
Turer T 
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DEPARATELY FOR ua 
INTERTRIAL [INTERV 


(TI) 
ITI (in msec) E 
AY 
Trial pairs panteg 1,000 
100 Son " 
Type of transition NET 
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TABLE 2 


Mras Reactiox TIMES (1 
FOR THE NINE 


oF Error (% 
ARATELY FOR 


vations (N) 
AL (ETT) 


ITI (in msec.) =. 
a sample | ^» Ape Es c 1,000 Average 
trial triada Sn 100 500 b E i 
] T 1 ppa E [ RT | Gj X RT |y N E: RT |* N 

$ = m" MN » me E z 208) 1C | 5 | 

I lit 0 | 404) 369 | 11 | 5| Ed n n 
FI 211 0 | 384| 395 | 23 S| 376| 413] 9 
DI 311 24 | 755) 449 | 42] 29| 759 430 34 
IE 121 2:3 386| 417 1.9 3.8 325 | n is 
EE 221 9.5 | 373| 449 | 123 118 | 38D im | 112 
DE 321 84 | 665| 465 | &3 | 92| 659 481 | 86 
ID 131 14 | 625] 450 | 44] 634] 433 | $6 | 628] 473 às 
ED 231 4.8 628| 456 42 | 661) M3 | 3.5 | 643 | 15 Te 
DD 331 de [1454| 452 | 7.8 |1,402| 438 | 75] 1,409) 477 f 


transition between Ta 
ifferent, 


iads, the test stimulus on Tn is 


always 


l the Same response (an equivalent [E] tran- 
F tion), or (&) Tron. atid T, involved dif- 
rent stimuli and different responses (a 
ifferent CD] transition). While the RT 
9r each type of transition generally de- 
Thain as ITT increased (see Table 1), our 
es interest, is in repe 
te of the 
i Siven by the E 


~ — I difference, presented 
Me fourth row 

repetition effect is 
difference, presented 
w of Table 1. These repeti- 
=S 4ré not broken down by level 
m radices although the stimulus repeti- 
t effect With practice and 


diminished 
: Dra cr ponse repetition effect increased with 
“lice (just às Rabbitt, 1968, found), 
these practice effects. reached 

The results Presented in 

Sil es directly: comparable to those 
telman (1970). Like Eichelman, we 

a sizable stimulus repetition effect 
001) which decreased as ITI length- 
(p< :025). Unlike Eichelman, we 
a small response repetition effect 
ane -05) which decreased as IT | length- 
ITI P < .05). But note that, at each 
at the E than D transi- 


fou 


Bex 
neq 
x foung 


;c the fa T 
tion 2 aster RT 


at the accompanied by a higher error rate 
Y: ons S than D transition; thus, the re- 
e repetition effect 


may be Partly due 


ai Pat and Tas; D = identical, E = 
zand Tn; second letter gives transition between Ta~ and Ta; I = ide 


i ciated wi e same 
the digit 1, and the digits 1 and 2 are associated with the 


to a speed-accuracy trade-off. So with tes 
gard to stimulus repetitions, our results are 
consistent with the Eichelman-Posner trace 
decay hypothesis, but a subsequent analy- 
sis will reveal the limitation of the present 
treatment of the data. 

Before we move on to this more exten- 
sive analysis, there is an unexpected finding 
in the present results that deserves mention. 
If there was no stimulus repetition, latencies 
to the digits 2 and 3 were 32 msec. slower 
than latencies to the digits 1 and 4 (p< 
.001). This digit effect was greatly reduced, 
however, with stimulus repetitions. When 
a stimulus repetition occurred at the 100- 
msec. ITI, the digit effect disan 
while when stimulus repetitions pis 
at the 500- and 1,000-msec. ITIs, the digit 
effects were only 16 and 18 msec., respec- 
tively (though these effects are still — 
cant [p < .025] in both cases). Moreover, 
error rates revealed the same types of digit 
effect. There are three possible explana- 
tions for this effect. First, the digits 1 and 4 
may be more discriminable than the digits 2 
and 3. Second, RTs to 1 and 4 may be 
faster because these digits are the 
tremes” of the stimulus set. Finally, RTs 
to 2 and 3 may be slower because these 
digits lie at the boundary between re- 
sponses. If either of the last two explana- 
tions is valid, then the topology of the 
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analyze response effects contains the EE, 
ED, and DD triads. None of these 
am E either à remote or an adja- 
nes pos repetition, but within the set 
iaces d actorial variation of remote and 
ce response repetitions. 
Eu. eder first stimulus repetitions. Two 
ulus Ne contain an adjacent stim- 
a are II and El, and the other 
ie set, IE and EE, differ 
Eur a is only in that they have an 
On he at rather than an identical transi- 
etween TT, ; and P, Consequently 
are two estimates or components of 
adjacent. stimulus repetition effect: 
and EE — EI. These compo- 
are presented in the solid lines of 
Eua as a function of ITI. The two 
lon n manifest a substantial repeti- 
the EE ^: (p < .001, in both cases), but 
(b pem EI component declines with ITI 
Clear]. dus while the IE — EE component 
Ip y c Ces not (the slight increase over 
Or the latter component is insignifi- 
similar pattern of results obtains 
mote stimulus repetitions are con- 
Two triads contain a remote repe- 
a H and IE, and the other two, EI 
eQhival, differ only in that they 
The aol transition between Tyevand T. 
tition Ee ponents of the remote repe- 
ER Ik le therefore, EI — II and 
lines " es i yt given by the dashed 
Bo show a repetition effect Gene Pee 
d th Cases), but one Mh i di d 
lines ee one component (EE — IE) 
ther (El Ds ; ITI (p< .005) while the 
2 Bn ; I) does not. 
lu mal oth remote and adjacent stim- 
ition in ‘tons, the component of the repe- 
is the a lg including an II triad (which 
tions) i y triad that contains two repeti- 
ther Coes not decline with ITI, but the 
tha, “°Mponents do, ‘TI Its indi ^ 
Sethe boue ve results indicate 
We mis Previous Bertelson-type analysis 
lace, ld simple in showing an ad- 
Mee repetition effect that de- 
; te PI. The previous analysis 
What E only the weighted average of 
Adjacent are now calling components of the 
Clea, ae repetition effect, and it is now 
lat this average does not character- 
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have an 


Cling, 
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ize all components. Also, the Bertelson- 
type analysis included in its average a 
component which has not been considered 
here—DE — DlI—since only one response 
repetition occurred in this component. It 
is worth mentioning, however, that the 
DE — DI component revealed a significant 
repetition effect (p < .001) which dimin- 
ished with ITI (p < .001). This is not 
surprising as this component included 
triads manifesting at most one stimulus 
repetition, and the data in Figure 1a sug- 
gest that components fail to decline with 
ITI when they include triads manifesting 
two repetitions. 

The same logic that was used with stim- 
ulus repetitions may be applied to response 
repetitions, this time using the triads EE, 
DE, ED, and DD. The two components 
of the adjacent repetition effect, ED — EE 
and DD — DE, are presented in the solid 
lines of Figure 1b, while the two compo- 
nents of the remote repetition effect, DE 
— EE and DD — ED, are given by the 
dashed lines of Figure 1b. There is neither 
à remote nor an adjacent response repeti- 
tion effect present. "These results conflict 
with that obtained from the earlier Bertel- 
son-type analysis, namely, a significant ad- 
jacent response repetition effect that de- 
clined with ITI. This conflict can be 
resolved by recalling that the earlier analy- 
sis considered the weighted average of the 
two components in Figure 1b and the com- 
ponent ID — IE. The latter component 
was not considered in the present analysis 
since, unlike the other two components of 
the adjacent response repetition effect, the 
ID — IE component includes triads con- 
taining a stimulus repetition. This compo- 
nent, however, produced a significant adja- 
cent response repetition eflect (p « .001) 
that diminished with ITI (p < .001), and 
this was the sole cause of the results ob- 
tained with the Bertelson-type analysis. 
The fact that an adjacent response repeti- 
tion effect occurred only when there was 
a stimulus repetition present suggests an 
interaction between stimulus and response 
repetition effects. Such an interaction in 
turn implies a problem with our assump- 


tions that: (a) The stages underlying 
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STM retrieval can be c er cia 
stimulus or a aes MR 
lus and response ri p pir 
Be. Me. ch ey T 
Vm n. mma problem will be treated 
i i i tion. 
$ EC pen repetition effects, 
as adira] by the present means, are 
relatively trivial when compared je stimu- 
lus repetition effects. This conc ay is 
consistent with that emerging from other 
studies of Bertelson's (i908) repetition 
effect (e.g., M. C. Smith, 1968; see intro- 
duction). It is also consistent with most 
of the best executed studies on the effects 
of probability or expectancy on STM re- 
trieval which consistently show th 


at stim- 
ulus probability or expectancy affects re- 
trieval time more than response Probability 


or expectancy (Biederman & Zachary, 
1970; Hinrichs & Krainz, 1970). 


Discusstox 
Trace decay vs. memory searc, 
findings of our extended analy 
effects are: (a) Both adjacent 
stimulus repetition effe 
similarly with respect 


h. The Major 
is of repetition 
and remote 
cts occur and behave 
to ITI variations, (b) 
f stimulus repetition effects 
decline with ITT while others do not, and (c) 


compared to stimulus repetition effects, re. 
Sponse repetition effects are minor, Our Major 
concern is to use these findings, and others, 
to distinguish between the trace decay and 
memory search hypotheses, 
Consider first the trace deca 
ation to the present data, 
evidence for a trace decay 
Eichelman-Posner variety 
Some components of the adjacent repetition 
effect with ITI. But our re 
same ITI finding for 
repetition effect, a 
unlikely to occur if trace decay 1S Operative, 
Since the ITI finding is as likely to be mani- 
fested with a repetition effect not Predicted 
by trace decay as it js with a repetition effect 
that is predicted by this theory, it seems that 
the ITI finding can no longer be taken as 
evidence for this hypothesis, Thus, there js 
little to recommend the trace decay explanation, 
The memory search hypothesis, however, 
does appear to be quite viable when judged 
against the current data, This hypothesis pre- 
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rel The only strong 
hypothesis of the 


is the decline of 


effect Which is 


E. E. SMITH, W. G. CHASE, AND P. G. SMITH 


r B s repe- 
dicts both remote and adjacent We aa 
tition effects, with the former e. pre- 
magnitude than the latter. A A this Joe 
dictions were confirmed. Furthe Wes n 
pothesis can also accommodate EC if it is 
stimulus repetition effects with | ili are in- 
assumed that tz NH DU the Ji 
creasingly likely to enter STN oferta o 
lengthens. To explain why con r with two 
the repetition effect involving neq with ITI, 
repetitions (II triads) do not dec Ut a twice 
it must be further assumed Mee attending 
repeated stimulus prevents S Bro "s last as- 
to task-irrelevant stimuli. But id fact that 
sumption is totally post hoc, and exer effect 
different components of the TERE " remains a 
are differentially affected by ITI 1 effects: 
problem for any theory of E DOS ver" 
One potential problem with pedi . th 
sion of the memory search er ae with 
assumption that repetition effects T aie 
ITI because tas -irrelevant stimuli 2 
likely to enter STM. à 
case, then the representations of a ove 
lus alternatives in STM should be! Per 
the search order as ITI em 1 
might have expected overall RI -reased W 
with ITT, In fact, overall RT pee ma 
ITI (see Tables 1 and 2). This inc iation? 
turn out to be in 
Search order, 
consider two 


dependent of S pruden 
but for now, it seems p memo re 
other versions of rn the abOve 
Search hypothesis which differ € repetit 
in how they explain decreases i! 
effects with lengthening ITI. š 
he first alternative v 1ippose am, 
sidered emphasizes rehearsal. ae: ar eye 
immediately after the presentano s ee acy 
the search order of the memoria the rece he 
is Probabilistically determined T9 ub il 
of these alternatives, but as the E a 
Presentation of the next item 9 ance us 
increases there is an increasing p* mem 
will rehearse one or more of "resign T1 
alternatives and their response pres 
Í a rehearsal functions like at i 
then the rehearsed alternative $ E 
Probability move up in the sents and 4 
Offers a Means by which eat e a 
stimulus repetition sacs B rave mor 
IT Specifically, longer IT h R 
for rehearsal, which go ioni order: 
coming a determinant of e. ei 
rehearsed alternative differs ühe 
recently presented ones, Fen of Hee 
Will be to reduce the nfl eae, ice 
Search and hence redu 


order jonents 
effects, To explain why com[ 


to be 


triads with two repetitions do not decline with 
“TL, an ad hoc assumption is again required, 
Le, it must be assumed that when a stimulus 
Nas just occurred twice it is extremely likely 
to be rehearsed. 
nsider now the second way in which a 
Memory search hypothesis can be modified so 
as to be compatible with repetition effects that 
ccrease over ITT, It is possible that as the 
rengthens there is a change from a self- 
iv inating memory search to a more exhaus- 
A one 1 search continues. ifter the target 
ative has been located. Sternberg (1969) 

exa o PSistently found some evidence for an 
hich wee” ‘arch of STM in his paradigm 
qM c iffers somewhat from the present 
" s Sternberg has consistently used ITs 
are n, Mai set — test stimulus intervals that 
tudy Um than the longest ITI in the present 
Y (1,000 msee.). In fact, when the mem- 
cm test stimulus interval in the Sternberg 
Occurs oo to 800 msec., a recency effect 
lon fio ifton «& Birenbaum, 1970). A transi- 
tig is ra self-terminating to a more exhaus- 
Rp Search would also explain why overall 
Cecreases as ITI lengthens, as Sternberg 

/ AS argued that exhaustiveness leads to 
ifton ep ss than self-termination and 
Some Mi, Birenbaum (1970) have provided 
here « IPROtE for this contention, However, 
are difficulties with this self-termination 

ej, e at Hveness explanation of the ITI 
ternbe st, whether memory search in the 
idigm is really exhaustive is 


i 
Self à T£ para 
1955 matter of current debate 
veld geen, several studies 
Me Chase, 1969) hav 
lian con effects at ITIs which are even longer 
1e Intervals used by Sternberg (1969), 
S Een intery ls Should presumably 
Guan ie Y exhaustive searching 
tition effects. 
epen mulus vs. response 


t- 
(Theios et al., 
(e.g., Schvane- 
€ found substantial 


ably lead to 
and negligible 


stages and repetition 


Ss. W, ; i 

a Brobi We noted earlier (see Results section) 
Tetris em with our assumptions that STM 
lu al Stages can b 


€ characterized as stimu- 


Sibuns* e s $ and that stimulus and 
tive, repetitions affect these stages selec- 


he problem was that there was evi- 

adjacent response repetition 
When a stimulus repetition 
This unexpected 
assumptions 


Tes, “sponse stage 


also 
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mày be in need of 
» and the following offers a plausible 
"Pretation, 
lle we h 


at ou ave assumed (see introduction) 
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task requires four distinct processing 
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stages—(a) stimulus encoding, (b) pan 
comparison, (c) response selection, and (d) ie 
sponse execution—it is quite possible that t d 
second and third stages were combined into a 
single stage in the present experiment. That 
is, what S may have stored in STM is a repre- 
sentation of each stimulus marked with an 
indication of its appropriate response. lf this 
were the case, then the second or comparison 
stage would involve a search of stimulus repre- 
sentations and their response markings, and 
an output of this stage would be an indication 
of the selected response. So, stimulus com- 
parison and response selection would have 
been collapsed into a single stage. Now, it i 
no longer puzzling that stimulus and ih 
repetition effects might interact, as they could 
both effect the combined stage. i 

Given this three-stage viewpoint, what is 
the status of our findings on stimulus and 
response repetitions, and the interpretation 
of our results, in terms of memory search? 
One can still make a case that the response- 
execution stage is the only stage affected by 
response repetitions. Consequently, the minor 
response effects obtained imply that this stage 
makes little contribution to Bertelson's (1961) 
repetition effect. The fact that stimulus 
repetition effects were far greater than their 
response counterparts may be interpreted 25 
showing that the present stimulus factors were 
the more important ones in determining the 
duration of the combined stage. And the 
memory search hypothesis still stands; all that 
has changed is what gets searched—stimulus 
representations plus response markings, rather 
than only stimulus representations. i 

One final point about a sequential stage 
analysis deserves mention. This article, pu 
several previous ones, has assumed that ae 
locus of the stimulus repetition effect a i) 
comparison (or combined) stage of. S vs ii 
trieval, rather than the prior enco ing g : 
But this assumption has yet to receive bp: 
direct experimental support. Lian a 
well known that stimulus repetitions can facili 
tate encoding when tachistoscopic peut 
tions are employed (Doherty & Keeley, 1 ^ 
Clearly, further attempts at a theoretical ex- 
planation of sequential RT effects must con- 
sider this encoding vs. comparison issue. 
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RELEASE FROM 
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LM 


CHUB 


Connecticut College 


of the sentence frame (declarati 


ment in performance. 


Wickens (1970) treats release from proactive in- 
"6 (PI) in the Peterson and Peterson. (1959) 
"m memory (STM) paradigm as an em- 
Means for determining the way in which 
EC encoded in memoi y Loess (1967) ob- 
to, tli: cnn in recall of word triads drawn 
te.) age nie Semantic category (birds, professions, 
Sequent 3 function of trials with improvement sub- 
3 Meng; UPON a change in category. The improve- 
| the ' performance (release from PI) suggests that 


hort. te, 
Pirical 


S. CNcodi 
diffe, oding of the words presented reflected the 


| AY In semantic category 
yy NDeriments | e 
l Wie Actia charac: 
| Sey ‘ens, Clark, 


Tence 


have also been reported in which 
teristics were involved in the shift. 


Hill, and Wittlinge 068 " 
“ted w, * » and ittlinger (1968) pre- 
ITA ord triads drawn from a set of verbs or ad- 


[7 d i 
r Qur trials followed by a shift to the 
No release from PI was observed. It 


to Sene Premature, on the basi of these results 
in * that syntactic categi i 


i: ory is not represented 
id i presente 
Materi encoded form of the to-be-remembered 
Nop $5 It simply may be 

Ply may be th 


OR T at syntactic coding is 
H isey ective Outside the context of Selten 
Wor and Dunean (1971) had Ss re 
Seryeg iads 9r sentences 
i 3 frao bject, verb The sentences 
ori ino three trials were in the active, passive 
DOnsenc deve Voice; on Trial 4, all Ss were given 
fron HOR ees in the active voice, The shift 
‘rom ee hepa, ads produced a large release 
Ve He the shifts from Passive and interroga- 
à moderate release, 

ire reported here in 
Mod characteristics of real sen- 
aa e populated. In both experiments a 
Sremie iot ‘the form “did buy a 


which 


h was s ed i á 
utio, Supported in part by N 


ted in ational Science 

ant GU-3444 to Smith College. — 
d be sent to Donald B. Reutene: 

hology, Smith College, Northampton, 
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PROACTIVE INTERI 
THE, RECALL OF SENT 
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of critical words (subject, direct object, and locative phra 
group in which no shifts were made was also included. 
only characteristics of the sentence frame were changed. iK 
retention of critical words declined over preshift trials in both experiments 
and that only shifts in semantic categories of. words produced an improve- 
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Two short-term memory experiments were performed using the Peterson and 
Peterson distractor technique. The materials to be re 
In Experiment I, after nine trials, shifts were made in either or both the nature 
e or interrogative) and the semantic categories 


lled were sentences. 


sc). A control 
In Experiment Il, 
It was found that 


—— in —_" was used. In Experiment I, a 
semantic shift was achieved by changing m 
semantic categories of subject, direct object, an 


locative phrase. A syntactic shift involved a change 
in sentence form (declarative vs. interrogative). 
This particular syntactic shift was selected because 
it necessitated only a minimum change in word 
order, a variable which could conceivably produce a 
e from PI. In Experiment II, only character- 
of the sentence frame were shifted. The 
ning was varied by shifting between affirmative 
gative sentences, while a syntactic ift in- 
volved changing the position of the locative in the 
sentence. [n both experiments, different groups 
were exposed to shifts in semantic, syntactic, Or 
semantic and syntactic characteristics. Control 
groups were run in which no shift was employed. 
Method. The Ss in Experiment I were 61 male 
and 3 female students solicited from the population 
at Bowdoin College. The Ss in Experiment Ir were 
31 male and 1 female students fulfilling an intro- 


sc irement at Bowdoin 
ductory psychology course requiremer y 
ear ep s were assigned 


College. In both experiments, * i 
| iti pir i val at the 
randomly to a condition upon their arrival at 
laboratory. i 
Mate n both experiments were presented by 


a Kodak Carousel projector governed as Ee 
brands tape timer. Each .5 was given 12 trials. 
On cach trial, S was shown a sentence (to be read 
aloud) for 2 sec. followed by a 6 X 8 matrix of 
random digits, the digits of each row to be added 
consecutively and aloud for 16 sec. Presentation 
of a blank slide signaled the 10. recall interval. 
An asterisk presented for 2 sec. indicated the begin- 
ning of the next trial. A practice trial was given 
where the letters ABCD were used as the to-be- 
remembered item. 

The materials used in Experiment I were parallel 
sets of active and interrogative sentences which 
were constructed by inserting one of two sets of 
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critical words into EIE: s: (a did buy 

1 d: the frames: (a) “— 

a in s "and. (b) “Did Duy d. —* 
i One set of critical words was selecte 

Se d 


5 5 nt responses (Battig & 
Sem he To to pon Categories 47 (a n s 
RE aes 17 (a weapon), and 54 (a city); Es 
B was selected from Categories 46 (a EIAS 
pecond ec We m type of human dwelling), and 21 
Bot ei Tee sentences, each constituting 
a uk constructed to produce four sets of 
Re The 12 trials were treated as four blocks 
d dre ls. In the first three blocks, experi- 
E P CON exposed to sentences in which. the 
its categorics of the subject, direct ot tt 
E d locative phrase remained the Same and g 
s ctic ucture was constant. The shift condi 
dona eie] in the fourth block by changing 
Eno. i) the semantic categories of the three 
ee ‘eal words, (b) the structure of the sentence 
pre or (c) both categories and structure, 


Control 
Ss were exposed throughout all four trial blocks to 
RS s corresponding in both Structure and 


categories to those received by all experimental Ss 
on the fourth trial block. Sentences were rotated 
across trial blocks in each group so th 
tence appeared in each of three positions an equal 
number of times. Trial blocks were also rotated 
so that each trial block appeared as either Block 
1, 2, 3, or 4 an equal number of times, 

In Experiment II, parallel sets of 
the form " — di uL HN 


id buy a ; 
did buy a | jS CARTE buy a 
———) —— 6 


at each sen- 


Sentences of 
"n, ay 


ed DE. 

—— in 
— i and) Tix n't buya — » were 
constructed in which the Subject, direct ob ect, and 
locative phrase were the same as those used in 


Experiment I from Battig and Montague (1969) 
Categories 46, 19, and 21, 


A shift in the position of 
labeled a syntactic word o. 
tive—negative change w: 
Shift. The Ss were tre, same manner 
in Experiment | With Oups of 
shifts appropriate to the requirements of th 
Syntactic word order, semantic frame, 
Tame -syntactic word order, and control, 

Results, The dependent Variable 
ments was the number Of critical it, 
their correct locations Within each tri 


the S's score could range from zero 
trial block, 


the locative 
rder shift, while 
as called 
ated in the 
different gr 


phrase was 
the affirma- 
a semantic frame 
as 
Ss given 
e design: 
semantic 


in both experi- 
ems recalled in 
al block, Thus, 
to nine for each 


TABLE 1 


PROPORTION Op Corre 
Nature op 


Nature of shift 


Control 83 
Semantic BS 
Syntactic : ‘88 
Semantic-Syntactic 85 
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TABLE 2 EUNETIONIDS 
s A FUxcrIO: 
Š " PSPONSES AS A FUN 
Proportion OF Correct RENS Brock, 


NATURE OF SHIFT A 
Sa E RIA 


ENT IT 


Trial block 


ANM 
Va * of «hift E NE 4 
Nature of shi " f 5 3 — 
6; 
— "E mz 65 3 
Control | -86 zr 168 b 
Semantic frame m: 168 165 
Syntactic word order 8; à Ad 
Semantic frame- E s7 EM 
Syntactic word order op ow ^ Jd 


| 
sont 
ests that CO 
Visual inspection of Table 1 suggests I showec 
and experimental first t 


roups in Experiment 

equal decrements in performance over the formance 

trial blocks, and that an increment 2 PS or t^ 

was obtained on the fourth trial Bios roups- 

semantic and semantic-syntactic shi £ S We tl 
The results of an analysis of MED. i AR 

performance over the first three TE T co! "n 

differ among groups, F (3, 48) < l i block in W 

parability of groups prior to the tria 

the shift was made. REUS 

cantly ce the first three trial blocks, 

= 46.85, p < (1 

à PI buildup. 


ance 
E e orman! ale 
An analysis of variance for an roups re AE 
third vs. the fourth trial block for all g y (3 
nificant Block 


= 6.12, p < 01, 


A si 

sclined ~> 
oa ance declined 
Perform: 


2, 
i the 
. à result predicted on 


on t 


interaction, 4 
X Groups DR variance for 
Separate analyses 
the individual gro 


> chanb s a 
ups showed tiga ha aet tao! 
Performance from the third ety the ores 
block was not significant for ee the SYP" was 
group, F (1, 12) = 149, p > .05, 0 but "(i 
shift group, 

signifi; 


E ved ! 
shift groi isplaye™ ce 


a 
rma 
Ne results erfo! t 


Table 2 
Over th 


and experimental groups. 


th 4 
ance was obtained on the C yntacti [ram 
Or the control and semantic aue semantic o 
Order shift groups, but not for a and 5 
9r Syntactic word order shift grout ip was n s 

Overall Performance for the Dp 12, P of d 
De signifi cantly different, F (3, 2 erformane ron 
due mainly to the depressed d order shi per? 
semantic frame-syntactic word ¢ 
This 


. seen 
ance is 9 

difference in performance 

Over trial block: 


¢ 
se 
s 
ae 
sam. d 
s 5 a 
since the pem in res d 
E rere cu 
to the same material and en must MAT gro) 
Way prior to the shift trial, this ance for F Gr of 
Subject-selection factor. Ratton nis bash as 
over the four blocks declined sign ed on C uon all 
= 931 01, a result predicte ora 
PI Sp M i Grips M Blocks 
he 


a ta 
buildu "he da^ th 


eT 
rt! n 
E ds fou! gen 
å cant, F (9, 72) < third and aiver® sc 
groups were compared on the m smal d se" 
blocks to determine whether t an 


exp 
were © 


H 
«eol i 
* » contr! 
performance noted for the 


ome word order shift groups vs. the 
cat E c i ne and syntactic word order shift 
i Ps was significant. Phe Groups X Blocks in- 
action Was not significant, F (3, 24) < 1. 
easton In the present work, as in the litera- 
up WT y Wickens (1970), PI was found to build 
pr oro of tria s on similar material. A sub- 
tawn piin ease from PI for a set of critic | words 
served n different semantic categories was ob- 
order of dl ule A release was not found when the 
IN ait ee words changed or shifts occurred 
sentence, or semantic relations elsewhere in the 


Dy 
Vhe faitur f 

quM fail to show an effect of shift in syntax 

nd 5 m apparent contrast to the i 
Md Duncan (1971). 


a | esults of Heisey 
cd BD he studies were different in 
cR Ways however, including the type of ma- 
m used, number of preshift trials, and length 
es Presentation. An attempt at resolving 
: V'erences is beyond the scope of this article. 


tg 

Dy ould be noted, however, that Heisey and 
1 re an ere x 

shift i eport only a moderate release when the 


i accomplished 
ie May be that while gramm, 

“portant for the generation 
à utterances, the 
Sensitive 
rom the 


Wired to 


according to voice, 


ar cal distinctions 
he : and interpretation 
he STM distractor technique is not 
to variations in synt This could result 


rote nature of the ta The S is not re- 


lence NER. a any discriminative response to a sen- 
S ch ma à " ae 
That is, iS may tap the meaning of the sentence. 


not required to indicate agreement or 
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disagreement with the utterance; he is only required 
to reproduce the sentence after some interval of 
activity. If S were required in some way to attend 
to the “meaning” of a sentence, changes in syntax 
might produce a release from PI. A second possi- 
bility is that the change in structure was not 
sufficient to produce a release from PI. A greater 
change in structure is almost necessarily accom- 
panied by a drastic change in word order and the 
importation of new words into the sentence frame. 
Since either of these variables might produce a 
release from PI, future work employing greater 
structural changes will require a careful assessment 
of the effects of possible artifactual effects due to 
these variables. 
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Listeners’ recall and recognition were obt 
Atene! E 


final sentence heard in 100 
task, response accuracy was 
sentence: 
when it was nonredundant. 


clauses of heard speech 
form. 


S el emory (STM) for connected speech 
NT bon SEDI by having Ss uy he recall 
> of the end of a narrative passage which they 
ave joattheard (larvella, 1970. 1971, 1972; Jarvella 
Im n 1972). Two principal findings from this 
Sa TO a been that (a) recall is typically quite 
Sede for only the final sentence of discourse 
g and (b) recall is usually perfectly verbatim 
domm the most recent clause from this final 
sentence. These results suggest that as a claus or 
sentence is succeeded by another such unit, its 
DabrGsestation in STM is often partly erased. The 
main question raised by the Present research con- 
cerns whether such apparent forgetting is partly a 
function of the content of the following sentence or 
clause heard. 


When two phrases have 
are usually said to be co 
matical form of coreference is ofte 
Some familiar e ‘amples of this Phenomenon include 
the replacement of a noun phrase by a Pronoun or 
the deletion of a redundant verb Phrase or comple- 
ment. For example, we understand the sentence, 
“The boy read the book but the sirl did not,” to 
mean that the boy read the book but that the 
did not read the book. Since Successive 
and clauses may be Partly corefere 
coreferential, grammatical structure 
tional content at these levels can be 
what independently, 

In the Present study, 
tween a previa 
following final 


the same 


content, they 
referential, 


The gram- 
n abbreviated, 


girl 
sentences 
ntial or non- 
and Proposi- 
varied some- 


coreference 
ously heard sentence 
one; one of the fin 


Was varied be- 
or clause and a 


al two sentences 
was then cued for recall or recognition. It was 
found that a phrase from the previous se r 
clause could be quit 


ntence or 
membered if it 
Same content as) 
mmatical unit. Full 


€ e accurately re 
was coreferential with (had the 


part of the following such gra 


vous article is based in part on a a 

meeting of the Acoustical Sout à 

1971. This research was supported in part by Grant Base i 

Rockefeller University * Advanced Res ch Pronn ` 

Pos and Grant MH-22134 to © Toject 
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nal Institute of Ma : 
author wishes to thank George A.M 

ism. 


ver, October 


for contributing helpful criticism, 
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Sent to Robert J, 
tern Reserye U 


appears to influence the 


ained for either the final or next-to- 


)-200 word segments of recorded dialogue. In each 

significantly greater for cert 
when the following context repea 
The phras 
peated, but the remaining portions of the 
the phrases were only reimplied. The 


ain phrases from test 
‘ated or reimplied the phrases than 
s were best remembered when re- 
sentences were best remembered — 
content of i "ntences anc 
forgetting of their verbatim 


* oreferencer 
and grammatically abbreviated forms ota te N hil 
however, yielded somewhat different EM were besi 
the test sentences’ coreferential phrint remaining 
remembered with full repetition, bose E 
noncoreferential portions were il Bae hes 
when the coreference was only bole he previous 
new results are discussed in relation z ES ol s 
Suggested theory of short-term storag 
speech (Jarvella, 1971). sd ind 

Method. Certain phrases embedde tial 
were followed by a largely core 
Coreferential context, Three kinds Fa (Renters: 
employed, one repeating the phrase g reimplying y 
a second deleting the phrase but S venerally ae 
(Implied), and a third including only Brod as PS 
information (Novel). The phrase occ tec prey or 
of one of the final two sentences presen or à fure 
or immediate) ; a short new sentence ai low 
clause of the same sentence made up ated, 
context. After the context was hio 
sentence Containing the phrase was I 
recall or recognition. 

The following 
test items which 
position tested, 
corefere 


yts were 
peatee/ 


r 
ted 10 


examples include 


A non 
latinis ir remaining 
and distinguished from their rema 
Portions, 


se the 
suppose 
“I supr the 


thin s Re- 
» 


Previous Sentence prompted: him. 
flected headlights probably blinde 
think so?” 


‘t you 
(Implied); “. . Ded hin ovel* 
reflected headlights probably hiin cy? M 
Peated); *,— Weren't we both y want o0: 
Immediate sentence prompted j id I wh 
this saddening account detailed, de this 5 
(Implied) ; "s. and T will ium "s. 
account detailed, too.” C E 
Something tragic happens." (Nove 


The Previous sentences used be b^ d: 
context conditions, averaging oe con zope 4 
in Novel and Implied, the follow rds in out 50 
aged about 4 words vs 210, a caged $ e 
Similarly. immediate sentences Implied AES 
Words in length in Novel and 


5 k iovel an 
Words in Repeated. Thus, Nove 


we 
vated 
E Repea 
always Matched in length, and Ret 
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TABLE 1 


PERCENTAGE Or CORRECT RECALL AND RECOGNITION 


Previous sentence 


Immediate sentence 


Unit — — ee r 5 
Y i epeated | Novel 
Implied | Repeated | Novel | Implied Repeated | i: 
p ooo O m t Š 
Recall 
_ | mM i - 
| | | 11 
Sentence | 42 31 26 | 36 | u 
Critical phrase 12 a HE 5 | 2 
Noncritica! portion 66 65 61 | | 
o GEN m is L9 qn 21. m T. i 
Recognition 
p = ales (20000 Recognition f E + 
) 7 78 s9 
Same (nothing changed) | 96 | 82 76 100 7 | 
Herent (critical phrase changed) | a | E 
ru 16 A E 36 
pill + Part | E kis S 
erent (noncritical portion changed) | | ) * 2 
7 | 27 26 29 7 
Ful Pace | 43 43 8 | 8 
| 1 


than both b 


y the number of words (5 or 6) in the 
Tepe 


üted phrase, 
RU. le Fast items were placed at the end of 24 
feMents of dialogue adapted from radio pk 
pem Segments ranged about 100-200 words in 
Struct n Three Versions of the dialogues were con- 
E d each containing four instanc of each 
text s position (previous and immedi: te) by con- 
alan, xr en (Implied, Repeated, and Novel) ina 
Ftructio order. Each version, together with in- 
È Re to 5 » Was tape recorded by a man and 
Words ey speaking at about five syllables (three 
just MNT second. Tone prompts were dubbed in 
ente, ter each segment, at 200 Hz. for previous 
Tees and 600 Hz. for immediate ones. 
S Ss volunteering for the 
Serve v. DSychology cours 
Iniversity. 


Xperiment were en- 


ty s at Case Western Re- 
hey were tested in groups of 12 


or 9s enc 

iis os cach. One recall and two recognition 

of Ds were randomly assigned to hear cach version 
the 


Were toa 4 Fhus, nine different groups of Ss 
the n M All 5 were instructed to attend 

i Bale ate Ren cIODA normally and not try to antici- 
min Ch sentences would be prompted. The 
Pting procedure s — low tone, im- 


ned, demonstrated 
ples, and displayed throughout the 
ona blackboard. Each time a prompt 
Ting the experiment, E stopped the tape 


laying : . 3 
^ their ne the dialogues until all Ss had 


Writte 


: i Was to write each prompted 
bonlar tbat on a separate b 
Ne . ne recognition Ss’ tas 
nether the prompted sentences were the 
or different from sentences printed on 

Pages of test booklets. 
recognition 
sentence 
different jud, 
j sentences 
ange recognized 


ak page 
was to 


On hearing a 
Ss turned to the page with 
and gave three responses: (a) 
gment on the prompted and 
(b) an identification of 
in the printed version, 


C printed 
a same, 
Printed 
ch; 


P. 


any 
and 


(c) a confidence rating (very confident, santas 
not confident) on the same-different judgment. e 
the 24 sets of recognition items, 4 were printel 
unchanged and the remaining 20 were printed puit 
a slight change made in either the test sentence's 
critical or noncritical portion. These changes re- 
peated the most frequent error in cach sentence 
portion made by the recall Ss. Usually this in- 
volved substitution, deletion, or addition of one 
word. ] aad] 

Results. In general, the data obtained for reo | 
and recognition of the prompted sentences were 
quite comparable; they are presented together at 
Table 1. For recall, the percentages given in Tal e 
l are for sentences and parts of sentences which 
were written down verbatim, or exactly 88 prer 
sented. For recognition, the percentages given re- 
flect correct same and different judgments. Of the 
two recognition measures shown for changed send 
tences, the full measure includes only responses 
where S marked different and also identified the 
change made; the full + part measure further ips 
cludes different judgments where S did ui. u E 
identify the change. Response confidence was Fa 
to be closely related to recognition admiranta 
responses were more confident than errors, an 
correct different judgments were more E Be 
than partly correct ones (p < .01, eat fter 
Wilcoxon matched-pair: igned-ranks tests yi pi 

The results for previous and immediate se a. 
are presented below separately. 1t will be seen E 
the differences obtained among the context condi 
tions (Implied, Repeated, and Novel) were quite 
similar for each sentence position. Wilcoxon tests 
for matched pairs of items were used to obtain the 
significance levels reported. 

For previous sentences, significantly poorer recall 
and recognition were generally obtained when the 
test sentence and following context were not co- 
referential. In Novel, fewer critical phrases and 
full sentences were recalled and fewer changes in 
critical phrases recognized than in either Repeated 
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Implied (p « .01, in all cases). Seconds more 
or Impli 1 phrases from Previous sentences Mere 
full critica ULT than implied repetition (p « .025), 
recalled SUE more changes in these phrases were 
Rd Ure And third, more changes in the non- 
Et ons Írom previous sentences were Tecog- 
cutie iis lied than in either Repeated or Novel 
maed 05 for each), and slightly more of these 
-05, 
ene were recalled. "m 
For immediate pa. een 
st measure: 
SECRET en In Novel, fewer immedi- 
ee € critical phrases were recalled, and 
PESE gone si se phrases were recognized than 
fewer changes in these phra 5 me ee 
in either Repeated or Implied (p < 025, in a 
E s). Second, again relativel r s 
MES recalled and recognized as being changed with 
full then implied repetition (p < -05, for recall and 


full 4- part recognition measure). Third, more full 


sentences and their noncritical portions were recalled 
and more changes in these portions Were recognized 


in Implied than in either Repeated or Novel (p< 
-05, in all cases). à 

Finally, the difference in correct same 
favoring Implied over Repeated 
significant over the four E 
in the recognition task à 
way analysis of variance by items) 

Discussion. Previous 
course have found that | 
recent speech heard ten 
grammatical structure: Usually 
and its larger sentence 
rately. This finding su 
discourse is guided by 
results in tem 
one clause at a time d he present 
study was conducted largely to determine whether 
the forgetting of these s ause units js 
ive units having distinet 
results bearing on this 


poorest per- 
as obtained with the 


' more critical phrases 


judgments 
and Novel was also 
ets of items left unchanged 
(b < .05, by Friedman one- 


studies of STM 


its 
al clause 

Very accu- 
gges ssing of the 
a structural analysis which 
of one Sentence and 


anings, 
question will be 

First, it was fo 
previously hear. 
better when they 
speech context th 
redundantly, The relatively high level of 
obtained with the abbreviate, of coreferenc, 
Suggests that in some cas 


ss Sentence and clau 

t DP * ause 
units are not erased from ST) 

heard. 


o as further Speech is 
It seems plausible curate 
memory for a Previously ay aid 
the listener to fill in Which js only 
implied in the followin, this regard 

76 Q as : "fia: 
Bever (1970) has Proposed a number of Processing 


Two 
considered, 


und that certair 
Constituent w 
were reimplied 
an when thi 


1 phrases from a 


cre remembered 
in the fol] 


€ speech, 
sed 


SHORT REPORTS 


; y in recover- 
strategies which a listener might D from its 
ing the structural meaning of ee whenever succes- 
surface form. On the other hand, v fully distinct 
sive sentences or clauses have ere eee more 
informational content, they may hp pri large degree 
on a unit-by-unit bas The a. the Nove 
of forgetting which was obtained hea 
context appears to support this hyp eei results 

Second, somewhat different patte and linguisti- 
were obtained using fully redundant a n general 
cally shortened forms of adesse recognition 
overt repetition led to better recall Lbreviated fona 
of the repeated material while the oe hroughout le 
led to more uniformly high accuracy a may furthe 
sentence being tested. These ananga m above i 
Support the listening processes SEE eT structure 
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of independent vs. dependent storage. 


E iore recent papers (Slamecka 
Tc argued that in free-re ; 
tty grs words of the | st are stored indepen- 
said d 4 eeu mieation appearing in recall order 
Plan, I Esa the use of an organized retrieval 
Organized a lition, the relative efficiency of such 
height 2 etrieval plans is assumed to produce the 
d pned recall usually associated with increases 
that E pin rm The alternative position is 
M the oe ies place at the time of storage; 
Beida AN ist members are stored in some 
Es ea Suet According to this view, recall 
(S Ui RD Uer of a set of relationally stored items 
p ds petined to cue recall of other items from 
Dothesi: . hus, this trace-dependent storage hy- 
attributes both organization in recall order 
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argued that if, as 
e-dependent storage hypothesis, 
mber of an S unit cues recall of the 
members of that unit, then providing a 
have a aiea ar the time of recall should 
Slamecka (1968) ct Ina series of six experiments, 
Ws ER one] compared recall when some of the 
ia uri were provided as cues with recall 
Ed c Were provided. In none of thes 
recall, i call found to be superior to uncued 
Slamecka "o Subsequent series of experiments, 
in epu 202) presented lists of unrelated words 
rds Tode dn order, cuing half of the Ss with 
rf Presenter om odd-numbered serial positions in 
ucl ai He again found the recall 

s > greate i 5 
s. These au ater than that of uncued 
S M traces 
erecti nent inv 
i. e cung m 


th 


E n u n minima i- 
à irst, the list must be s ficiently eal 
would presumably occur with 
2B On structured lists (e.g., categor- 
ith extended trz ning on unstructured 
_ comprised of unrelated words). 


rch was su i 

= bported in part by aculty res 

ed qi Was st part by a faculty researc 
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The Ss were given free-recall training to criterion with a list of 30 unrelated 
words, original learning (OL), were given seven trials with a second list, and 
Half of the Ss were cued with list members 
itions of the final recall of OL, half were not cued. 
antly more critical items than did control Ss. Al- 
though similar results have been offered in support of the trace-dependent 
storage view, it was argued that such studies do not provide a differential test 


Second, the cues provided must be appropriate to 
the organization established, i.e., at least one mem- 
ber of each stored S unit should be provided. Third, 
the cues provided must supplement those S is able 
to provide for himself through recall; presumably, 
if S can recall at least one member from each S unit 
unaided, providing cues will be of no benefit. A 
number of investigators have recently demon- 
strated that cuing with list members facilitates 
recall when these three conditions are met (e.g., 
Allen, 1969; Luek, McLaughlin, & Cicala, 1971; 
Wood, 1969). In each of these demonstrations, 
highly structured lists were employed ; parallel con- 
ditions, in which unstructured or weakly structured 
lists were employed (c.g., Allen, 1969; Wood, 1969), 
produced no such facilitation. This discrepancy 
leads to the rather unparsimonious implication that 
item traces are stored relationally when structured 
lists are employed, but independently when un- 
structured lists are employed. The purpose of the 
present experiment was to provide a more adequate 
of the trace-dependent storage hypothesis in 
uations in which unrelated words are used. 

A number of difficulties arise in meeting the 
criteria indicated earlier when unstructured lists are 
employed. One of these is the likely fact that Ss 
form no more S units than they are able to retrieve 
unaided. The method of circumventing this diffi- 
culty in the present study was to interpolate, train- 
ing on a second list between extensive training On 
an original list and a test of retention for that list. 
Tulving and Psotka (1971) have demonstrated with 
categorized lists that interpolated learning (IL) 
produces retroactive inhibition (RI), which in their 
situation acted primarily on the acce ssibility of 
categories, without disrupting the integrity of the 
categories formed. That is, RI loss was in terms 
of the number of categories represented in recall 
and not in terms of the number of items repre- 
senting each recalled category. Cuing with category 
labels eliminated this RI. If similar organizational 
processes are involved in the learning of lists of un- 
related words, cuing should be effective in reducing 
RI in such situations as well. 

Another difficulty inherent in the use of un- 
structured lists is the choice of list member cues 
appropriate to the organization formed. indi- 
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i e at least 
rords should include at a 
jer, the cue words s à s 
un RM each S unit formed. To PUDE 
this a tne resent experiment, cues were i ee 
ae d ESER serial pos sea E ja 
(nen iginal learning 3): E 
"ca st of origina ; 
OP UR of at least one member. of a 
ue es the cues provided, assuming a 
S unit SEGA are recalled consecutively. m ms is 
pus E iding these cues in the order in which they 
EE BUR recall should avoid m EueiDHon x 
anes been established between 
i s that may have bee: 
linkages tha 
X à "s were 36 psychology students of 
The Ss were 36 p [ 
rome serving in partial fulfillment of course 
Ree at California State U niversity at 
require s 
ND "s were tested individually in sound-isolated 
T d “The lists were presented in a Lafayette 
Rm drum, and 5s recorded their recall on lined 
Beer provided by E. Two lists (A and B) of 30 
Eirmod nouns were employed. Obvious intr. 
and interlist associations were 


alist 
avoided in preparing 
the materials. Seven random orders of each list 
n repared. 

B eoilowiag standard free-recall nstruc 

list was presented at a 2-sec. rate, The S tead each 
word aloud as it appeared and following presenta- 
tion of the last word engaged in 30 sec. of backward 
counting as a recency control. This in turn was 
followed by a 2-min. written free-recall test. This 
procedure was repeated with Presentation order 
varied from trial to trial until S Met a criterion of 
21 of 30 correct respons 


plus one trial. Immedi- 
ately following OL, S was told that he was to learn 
a second list, and the first trial of IL began, The 


same procedure was followed in IL as in OL with 
the exception that S was trained for seven trials, 
List A and List B were used equally often in OL 
and IL. During IL, E Prepared a cued 
sheet for a random half of the Ss, This 
plished by recording in appropriate order at the top 
of the recall sheet 10 words S had recalled on the 
final trial of OL. T ds recalled in 
odd-numbered serial Immediately 
following the final ^ S counted 
backward for 30 sec, The S was then given either 
a blank recall Sheet or the recall sheet cont; 
cue words and was asked to recall as m, 
from the first list as he could remem 
retention test continued for 2 min. 
Results. In OL, the mean numbers of trials given 
on List À for cued and Uncued Ss were 5 
6.33, respectively, and for List p 
cued and uncued Ss were 5, 
An analysi 


instructions, the 


response 
as accom- 
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* Overall mean num- 
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rtrial repetition (Bousfield 
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in the protocol of a cued S an a be 
protocol of an uncued S. antion loss Cà E 
The overall magnitude of ox word Pel 
estimated from a comparison of na retention 3.62 
on the final trial of OL and o j = 
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Discussion. |t is apparent tha ce during 
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be little disagreement regarding the existence of 
list organization, the controversy rather be ng 
centered on the temporal locus of that organization. 
The trace-dependent storage hypoth that or- 
ganization takes place during list presentation and 
that Items are stored in accordance with this orga- 
nization. The trace-independence hypothesis 

the other hand, is tl c 
pendent] 


on 
at item traces are stored inde- 
pen during list presentation and that organi- 
zation imposed during recall. In either case, 
He ba for list organization must derive from 
Lm past experience, i.e., must exist in the memory 
iore in the form of direct or mediated associa- 
pons among list members. Given the existence 
E of | ciations stored in memory 
ende e 18 prior to list presentation, the trace- 
E nt vs. trac ndependent storage contro- 
<tsy may be restated as follows: 
ine network utilized in the st 
por Ely m the retrieval of those items once 
E. ru recalled list members or list 
dg cip Fees ed by E should have a facilitative 
eae ae her recall. if traces are stored depen- 
Ed Bs a | metien is direct; however, if 
late recall by ober aie aii pues should pili: 
Hebwork whioh s at E access to the ssociative 
Words, eid Mediates organization. In other 

» cuing with list members should facilitate 


Is the associa- 
ge of a list of 
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recall whether presented items are stored in an 
independent or a dependent manner. This is not 
to deny the value of those studies (including the 
present one) that have compared cued and uncued 
recall under various input and output conditions, 
for these have contributed heavily to our under- 
standing of organizational processes in free-recall 
learning. It may be, however, that such studies 
cannot contribute information regarding the tem- 
poral locus of list organization. 
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o groups of Ss c: rried out a recognition task after rea ing short pa 
Tw Ss carried out nition task adii edes 
[bi hly E re prose. For one group the passages were headed w 
of bigh! 


ages 
ith a 


izi si a con- 
i ssibility of organizing the metaphors into a co 
k Aes rovided the possibility o 1 1 pr rcl 
ur beth stream. Latencies to reject distractors mna ERES d 
peer. recorded, with the hypothesis that possession of the theme s 
task wi 


slow rejection of thematically related words. The hypothe 


s was confirmed, 


ES x ad in terms 
b nly for the easier of two passages. The results are discussed in Deis 
Beene odel of recognition memory proposed by Hall, Sekuler, and Cush 


in 1969. 


This article is concerned with the Understanding 
d retention of short passages of highly meta- 
ben al prose. The materials, originally developed 
E dine and Lachman (1971), can be compre- 
Abed as a whole only if 5 possesses a cue to me 
underlying theme; otherwise, they are apt to be 
seen as collections of understandable but only 
vaguely related sentences. Dooling and Lachman 
claimed that recall and recognition of those words 
relating to the theme of such passages were higher 
if S knew the theme prior to reading. They argue 
from this that the theme acts as a vital mnemonic 
device in the retention of prose in the sense of pro- 
viding an organizing schema. Although this argu- 
ment is plausible, there are a number of questions 
left unanswered. Their procedure involves a very 
low success rate and under these circumstances it is 
questionable whether recall is an appropriate index 
of the organizing effects of 


a theme. The results of 
their first experiment support this criticism: Recall 


was improved by presenting a theme title, but for 
all classes of words (i.e., regardless of whether they 
related to the theme), and the effect was as large 
when the words of the Passage were presented 
randomly as when they were read in natural order. 
The second experiment examined recognition scores, 
showing a higher hit rate for thematically related 
words in groups given the theme. However, again 
recognition was improved as much by cuing with a 
title when the material was randomly presented as 
when read normally. The possible interpretation 
cannot be escaped that Ss in this situation matched 
individual items not, as Dooling and Lachman 
argued, to the theme, but simply to the title itself. 
Error rates were easily high enough for the presence 
of a title to secure the obtained 

ment in hit rate. 


Marginal improve- 

The present study attempted to look More directly 
at the hypothesis Proposed by Dooling and Lachman 
(1971). The materials were read, not word by word, 
but in as natural a fashion as Possible, and the 
effects of precuing with a theme were assessed by 


1 This research was supported by the Social Science 
Council. Grateful acknowledgment is made to 
Wilkinson who carried out the testing, 
2 Requests for reprints shor 
Department of Psychology, 
DD1 4HN, Scotland, 


Research 
Barbara 
uld be sent to R, A, Kennedy, 
University of Dundee, Dundee 


159 
and Jatencle 


looking at the false recognition rate his pro" 


of response to associates of the here Cushman 
cedure, adapted from Hall, Sekuler, ME tive inde 
(1969), has been shown to provide à i deis to ki y 
of the perceived “proximity” of dssod 19 2). TIS 
items in lists and sentences (Kennedy, Pa proce 
procedure rests on a model of the recogn died 1dge. 
Which assumes that increments in Nis 
"familiarity" of words accrue as a res / 
presentation in a particular contex 

though to a less 


place. Ina typical experimental s m 
Sumed to establish a criterion on 
familiarity” 
n 


s; if on any given Qu 
eds this value, the item E 
se it is seen as new. In En i 
model, the probability density functions 
classes of stimulus items lie 
the dimension 


nts 
at different Pom esp2! 
of perceived familiarity. ion e 
latency in a recognition task is a Dm and Or 
distance between the perceived dq theme 
established criterion. |f knowledge o! 


anizee id 
organ ul 
a passage serves to produce a herr n this ©, t0 
sociative structure on reading it, ws gnition T2. — of 
be shown both in a higher false ad latencie 
thematic associates and in retar! unt 
correct rejections, ; at the oes 
Li et 
Method. "The Ss were 20 students olunt 


versity of Dundee. They were Rm 
naive as to the purposes of the ex Pd i 
The two short passages entities 
Columbus Discovering America di 
Space Trip to the Moon"), devise 


h alteratio? p? 
Lachman (1971), were used without al h XE : 
following 32 nouns were selected seni tas 5G 
Sages and used in a later Ba Rs 
l—GEMS, HERO, LAUGHTER, EM DAYS, passe 
RUMORS, EDGE, CREATURES, anc io pi , pat! 
2—QUARTERS, OBJECTS, DAS. HOMELAND: vary 
PANIONS, BUTTONS, PATTERNS, PAPERS: | aditior 8 
THINGS, MOUNTAINS, has assag a stin£ NS 
MAN, and News. For each passa -onsl* EE 
ist of 16 words was constructed, © d "s 
thematically related nouns and 


Tt fot 
he thematically related list fc 


E» 
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RTH, BIRDS, SEA, STORM, WAVE 
and VOYAGE; the lis 
LANDING, ORBIT, INSTRUM CRATER, 
METEOR, and 5; These words were chosen 
intuitively following a de sis of each 
Passage. The unrelated lists of words were chosen 
to be matched as far as possible for letter length and 
number of syllables. In the final lists used in the 
recognition task, each word appeared twice, the 
Whole list being preceded by two tillers. Ten dif- 
erent randomized orders of the 64 words were used. 
Two groups of 10 Ss were tested. The procedure 
or both groups was identical except t 
TOup 1 were told the title of cach passage before 
reading it and also received versions of the passages 
Neaded with a title. All Ss read both passages 
aloud, order of presentation being balanced. After 
Teading a passage the recognition task consisted of 
the 66 items relating to the passage presented at a 
“sec. rate, S being told to push a right-hand button 
Sr old words and a left-hand button for new words. 
Bowing this task the passage was read again and 
of aon was tested with another random order 
ee 66 test items. Th s procedure was 
tee oa Us second p: ige with a new set of 
B'test "s Inall, 'ach of 10 different random orders 

aest Items was used four times. 
(Es rcd were given to S typed in uppercase 
his ge hout punctuation on a sheet of paper, and 
Was sqb e tape recorded. Fhe recognition test 
PDp.1n rolled by a remote display interfaced to a 
2 computer. 


ge 2 w 


SS E A 


Items were displayed using a 


Standar, = EE as 
guard uppercase character display. Testing took 
* In an acoustic booth. 
eS, ph isi 
"ls. The mean number of false decisions to 


old words 3 : 
ol ar for each S were subjected to an analysis 
Rie ance. Although the total number of errors 
Ee eter for Passage 1 than Passage 2 (360 vs. 
The his effect was not significant, F (1, 18) = 3.24. 
RA ean number of false positives (responding 
fests E am word) made in the two recognition 
con Oth passages are shown in Figure 1. 
Am ‘cant effects were shown for trial, F (1, 18) = 
B ra dg man (thematically ‘related 
is x 404 = 20.49, P < .01; the Item Type 
Tui iR interaction, F (1, 18) = 13.19 > "gm m 
Pa ee Item Type interaction, F (1, 18) = 8 79. 
S9; and the tri i SEES ^ n 
11.30, p. he triple interaction, F (1, 18) = 
ince the tot, 
Very greatly f 


al number of false positives differed 
Ta the two passages, analyses were 
set separately. In Passage 1, all the 


Were signif ‘ 
nificant effect was a S ficant; in Pa 


tci 
Vari 
u presence of cue, 
The only significant effect was 
ing faster on Trial 2, F (1, 18) 


Ry » latencies be 
5G 


Tea iges were 
an e 
Correct new decision 1 


analyzed separately. 
, Passages 


aieo i s atencies for the two 
“re shown in Figure 2. For Passage 1 the 
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6 With Cue T2 


Without Cue T2 
T wT 


Type of ‘New’ Stimulus 


Number of false positives to thematic (T) ep 
T) distractors for both passages combined follow 
ing the two readings (T: and T:), 


only significant effects were for trial, F (1, 18) = 
19.14, p < .01; and item type, F a, 18) = 4.46, 
p <.05. The predicted Cue X Item Type interac- 
tion was not significant, F (1, 18) = .64. The 
analysis of Passage 2 showed significant effects for 
trial, F (1, 18) = 36.01, p <.01; item type, F 
(1, 18) = 6.08, p < .05; and the Cue X Item Type 
interaction, F (1, 18) = 6.51, p < .05. i 
The total time to read each passag excluding 
reading the title, was remarkably consistent for all 
subconditions of the design, lying between 33.5 and 
34.3 sec. The tape recordings of these readings 
were analyzed for three types of errors: phrasing 
difficulties, relating to intonation patterns; repeti- 
tion of words or parts of words; and misreadings. 
Although the number of cases was too small to 
allow further analysis, some interesting trends were 
apparent. Combining both passages, the s 
number of reading errors was greater for the bo 
cue group (63 vs. 47), but this difference was su 
solely due to phrasing errors (36 vs. 14), the major! i 
of which were contributed by data from pasan 
Discussion. Considering the error data a i 
significant differences were found in the number ot 
false categorizations of old stimuli in the various 
subconditions of the design. This finding com 
with the results of Dooling and Lachman (1971, 
Experiment II), who showed large differences 1n 
scores (after a correction for guessing) on themati- 
cally important words in favor of the with-cue Ss. 
Since the present study used as stimuli most of the 
nouns from each passage, and these are likely to 
have been judged as thematically significant, the 
results provide further support for the suggestion 
that some Ss in Dooling and Lachman's situation 
achieved improvements in hit rate which could not 
be attributed to the organizing effects of the theme. 
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and non thematic (N/T) distractors 
after cach reading of th 


The false recognition rate of words related to the 
theme shows much more clearly the influence of the 
cue. Although the total number of errors differed 
for the two passages, P. age 1 being more difficult, 
a Cue X Item T ype interaction was Present in both. 
Figure 1 shows quite clearly that thematically re- 
lated items, particularly on the first trial, produce 
many more recognition errors than unrelated items, 

In terms of the model outlined earlier it was pre- 
dicted that an effective cue should so organize the 
passage that many associations would be recruited 
which would not be available to S reading without 
acue. The effect of this enlarged and more 
organized structure should be to delay 
of associatively proximal items. 
that this index is based on succ 
is not open to the criti 
guessing strategi 
the 


Li 


the possessi 
the rejecti 
effect bein 


quite clearly 
ative delay in 
related stimuli, 
Second trial. 
precuing with the theme 
generated a gene 
all responses on the first trial, p 


effect for nonthematic as for t} 
view of the error data it se 
result stems from. inadequate diffe. 
thematically related and unrel, 

recognition rates were changed in the With-cue con- 
dition, but the latencies of Successful rejections were 
unaffected. Also, for the same reason, failure to 
produce the expected Cue X Item Type interaction 
cannot have resulted simply from a Poor choice of 
thematically related items. It is Strongly suggested 
that the mechanisms producing changes in error 
rates and those underlying changes in rejection 


the 
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roducing as large 
nematic stimuli. 
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"priming" brought about by the Ps jyassage 
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when cued by a theme, The agna c 
that the effect shown by Dooling ? 
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SPEEDED DISCRIMINATION 


HAROLD L. HAWKINS, GARY J. McDONALD, axp ABIGAIL K. COX 


University of 


Test stimuli in 


trials), both experimenta 
ignoring F. During Phase 2 (196 t 
group were told to ri 


was identical to Phase 1 for both grou 


slower during Phase 1 when the irrelevant dimension was incompatible 


same-different reaction time (RT) tas 
independent binary dimensions, size (S) and form (F). 
and control groups were i 


spond on the basis of both 
of the control group were instructed to continue responding only to 5. 


South Florida 


k varied along two 
During Phase 1. (64 
nstructed to respond to 5, 
s), the members of the experimental 
S and F, whereas members 
Phase 3 
Both same and different RTs were 
in state 


ps. 


(same or different) to the relevant dimension. The magnitude of this effect 


was uninfluenced by the Phase 2 experi 


ence of the experimental group. These 


results are inconsistent with the view that irrelevant information has its effects 


in speeded discrimination through re; 
terpretations were discussed. 


(Rei Dome. latency in same-different reaction time 
features oe the relevant and irrelevant 
Le, Wien a m are incompatible: in state, 
and differe me iare same along relevant dimensions 
1966) pd en along irrelevant dimensions (Egeth, 
Egeth a vice versa (Hawkins & Shigley, 1972). 
SPonse RR that this effect is mediated by re- 
Particular E According to this view, when a 
Stimuli is patune serves as a relevant aspect of the 
dency to b discriminated, there develops a ten- 
tatur espond on the basis of the state of that 
tin, and this tendency will persist beyond the 
a stimu $ which the feature is relevant. Thus if 

5 pair contains two dimensions, one relevant 


and C 

one H pi x 4 

Occasions Tou d the relevant dimension on prior 
sions aoo paS been relevant, and if the two dimen- 


are incompatible 
ase tendencies w 


,In state, then two opposing 
Circumstances eet evoked. Under these 
Pression c ease accuracy requires the sup- 
'S the Gene irrelevant tendency, ee " 
response hae io suppress this conflicting 
Rlorinatinn bre ftnt constitutes the irrelevant 
AS to test directly the lorc oo of the Present study 
Test stimuli y ihe foregoing interpretation. i 
Tensions E contained. two independent binary 
mental ae as here as X and Y. The experi- 
Solely an nod based its same-different judgments 
> pe of X during Phase 1, on both X 
Ex E om aii solely on X during 

> during durs ip. based its judgments 
Notion implies mns phases. The response 
irrelevant A hat (a) there should be no 
irrelevant dis ormation during Phase 1, 
relevant, end d tension had never previously 
Phase 3 for 2) there Should be an effect 
roup, since a S experimental but not the 
now beum ES ormer uniquely experienced 
i a nmnension as relevant during 
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Y. University of South Floric 


sponse conflict. Two perceptual in- 


Method. The Ss were 12 undergraduates at the 
University of South Florida who received course 
credit for participating. : 

Stimuli were viewed through a Polymetric two- 
field tachistoscope at a distance of 43.18 em. On a 
desk in front of S were two response keys labeled 
same and different, respectively. Response latency 
was indicated by a Hunter Klockounter. Stimuli 
were gray trapezoids (Hawkins, 1969) constructed 
of cardboard and mounted on white index cards. 
Each trapezoid measured 16 mm. (height) X 15 mm. 
(short base) X 17 mm. (long base). The horizon- 
tally arrayed stimulus pair appearing on each trial 
subtended a visual angle of 6° on the horizontal and 
2.4? on the vertical plane. Stimuli varied along two 
independent binary dimensions, size (S) and form 
(F). Dimension F was varied by orienting the long 
base either up or down. Each trapezoid contained 
an inked circle (No. 3 Rapidograph) either 7 or 9 
mm. in diameter (Dimension S). Prior research 
(Hawkins & Shigley, 1972) has revealed that Dimen- 
sion F, when irrelevant, has a reliable effect on 
same-different RT to Dimension S. 

On Day 1, Ss were given 60 practice 2n. tas 
same-different RT task with letter pairs as stimuli. 
Based on their performance on this task, Ss Were 
divided into blocks of slow and fast responders. 
Half of the Ss from each block were then randomly 
assigned to the experimental condition and half to 
the control condition. On Day 2, all Ss were given 
64 same-different RT trials on which Dimension = 

as relevant and Dimension F was irrelevant 
The stimulus deck used during this 
isted of 32 cards: 8 on which stimuli were 
identical along S and F, 8 on which stimuli differed 
along F, 8 on which stimuli differed along S, and 
on which stimuli differed along both dimensions. 
Thus, the same response was appropriate on one 
half of the trials. Experimental and control groups 
differed with respect to the Phase 2 task which was 
presented at the beginning of the experimental 
session on Day 3. The experimental group was re- 


tice trials on the 
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TABLE 1 


S AND PERCENTAC 
i x TIMES AND PERCEN 
s erent REACTION T ND 
Fi VU UU. RESPONSES (IN PARENTHESES) 
oF Ib z 


1 
Experimental Control 
broek Incom- | ¢, tible incon 
ges i z patibl rn 
; Compatible| Income omp patible 
Same 
7. 7 716 (8.1) 
709 (7.3) | 676 (5.3) 8 
db Soa (9) 628 (4.8) | 611 (4.5) 661 G 
$ 612 (5. 634 (7.0) | 598 (28) | 639 (7 
i —M 
Diferent 
5 748 (7.1) 755 (6.6) 
I 708 (7.3) 7 H 100 (£4) 
5.0) | 660 (6:5) 0 (6 
5552.20 lees 63) 685 (5.6) 
Note. 


In the experimental condition, 
were relevant during Phase 2; in the c 
ever relevant, E 4 
"TT l Block 1 was prior to Phase 2, x 
al Block 2 was immediately following Phase 2, 


» both form and size 
ontrol condition, form 


quired during this phase to base their same-different 
responses on both S and F, i.e., stimuli had to be 
same on both dimensions for the same response to be 
correct. The stimulus deck used here was that used 
in Phase 1. Thus, the same response wa !ppropriate 
on only one fourth of the trials—a device used to 
insure that S would attend to both S and F on all 
trials (Hawkins, 1969). The control group con- 
tinued during Phase 2 responding only on the ba 
of F. However, the number of 
stimuli were same on F was appropriately reduced 
to equalize the probability 
(.25) across experimental 
Phase 2 consisted of 192 trial 
Phase 3 s identic 
received 64 trials where S was rel 
irrelevant, The same 
50% of the trials, 
Throughout the e 
(ITI) was 4 sec. 
warning tone Was 
Stimulus onset nt with the 
this tone. The were informed | 
f lowing each correct Tesponse, 


[s 
incorrect response, Ss Were told onl 
committed ; 


s. 
| to Phase 1; both groups 
levant and F was 
Tesponse was "ppropriate on 
Xperiment the intertrial interval 
At the conclusion of the ITI, a 
of 1-s duration presented, 
Was coincide. Offset of 


of their latency 
Following each 
y that they had 


Table 1 give; 
atencie: 1c z 
and different trials under the two experiments condi 
tions. Three trial blocks were differentiated in e 
table. The first corresponds to Phase 1, The Sd 
and third correspond to the first and second half 
of the trials given during Phas 3. Phase 2 latencie 
which are neither comparable across conditions nor 
pertinent to the focus of this study, were Omitted, 


The same and different data were each subjected 
to a separate randomized-block is of Variance 
with premeasured § spe slow) and eXperi- 
mental condition as be 


tween-§ Variables, a 


3 S the mean, 
ae median |, 


ct same 
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"^ irrelevant dimen- 
blocks and irrelevancy condition EAS pu Witt ; 
sion either compatible or incompati tables The 
relevant dimension) as within-S bu tenendas 
analysis of same RT data revealed t e 12.58, p < 
creased across trial blocks, FQ, a = Nd 
-O1, was shorter for S: ee ae ad RS higher 
o slow, F (1, 8) = 5.95, p A ets AE ipatible; 
when the irrelevant dimension was ast significa 
F (1, 8) = 66.3, p < 01. Fisher's ae signifi- 
difference (LSD) test, with the citer was reliably 
cance set at .05, indicated that a A irrelevant di- 
higher under Trial Block 1 when the same (Le 
mension was different as opposed ae with the 
= 38 msec.). This finding, taken toge lavaney D 
overall significance of condition of S CC EE tria 
the failure to find an interaction a 16) = 10 
block and condition of irrelevancy, F C, rormation 
P > .10, indicates that an irrelevant he outset 9 
effect existed within the same data at tuninfluenced 
this experiment, and this effect w ees d 
during Phase 3 by the Phase 2 expe 
sponding to Dimension F. ee 
The aonb Picture developed from E eciined 
of different RT data, Here, too, late e m 
across trial blocks, F (2, 16) = usd 8- 15.0, 
aster for Ss categorized as fast, F ( med 
P < 01, and was slower on trials where t com 
dimension was incompatible relative En re ae 
F (1, 8) = 26.8, p < .01. The LSE t-compatl? 3 
that the difference between irrelevan 


iable 
4 ¢ 5 ials was relia 
and irrelevant-incompatible trials wa 


the analy’ 


| 
y 
7 23 msec.), support i> 3 
The present results provided no st nu effec ion: 
response conflict interpretation of teriminati | 
irrelevant information in speeded E wi " 
The results Were consistent, hone ‘propose that 
Memory-scan interpretation recent assume? pre 
Hawkins ang Shigley (1972) whic taneously ge in 
(a) the comparison of s eni y st? the 
sented stimuli occurs at a relatively car; 


-Processing sequen oa e 
at which input makes gonter yancy — sees 
the determination of the relevi requ e of 
particular fe: 

match betw 
stimulus in 


(b) 


atu 
at featur i. 

ation of that ^ us 
cen the representatic 


but and a stored list of eit 
fined as relevant; and (c) the verit aid 
occurring when the states of relevan re 
stimulus features are incompatib ERE 
time needed to scan memory to “which Phy 
dimension is relevant and, hence, 

alternative 
perce 
Pretation that aiso adequately 


TETTE i 
m conflict " the Á 
th 


n » atit 
results, According to this view ; tes 10 Hi y cat 
Out of state incompatibility aps perceptt? that 
SPeed with which stimuli can ber Se oe 
gorized as either same or diff ment © 
retard the speed with which spec the expe l same 
€g., key pr s, learned during S 


a (re j 

S, aks f percept” ial di pt / 

actuated. The association ol ad perce P^ prot the v 

With the same category label sessi ly this " 
ence with the different label presu If 


2 situation 
Jy S into the experimental situa 


eun 5 E UE š t à 
, ssociation with which irrelevant-incompatible in- 


formation interferes, the interference elfect should 
Nom the beginning of the experiment and be 
Soup ES y the a of the experimental 

Periment ds t di ti in A a E 
End ay a inguish between memory scan 
ca bnflief interpretations. However, a 
ies ia on is possible based on data obtained 
(1972) ES experiment by Hawkins and Shigley 
speeded E pe cata AA on the fact that 
Erbe ES SOLU TELO I time increases with the 
Ber cr x bien mulus. dimensions, the 
(etre tos) ms features being held constant 
of this I aif: eh neica fepory conflict interpretation 
nunibe, x E LIN HO ward The greater the 
compatib| is E us features dictating responses in- 
category £ pith me correct one, the greater the 
ization D ict and, hence, the slower the categor- 
equally KE na  memory-scan interpretation is 
oft REESE pene orward: Increases in the number 
one is TAA DNE feature: provided at least 
E to EOM dle with the relevant feature(s), 
relevancy ire in the number of features whose 
consuming B 13 1 established by means of a time- 
Properties UN the stored list of those stimulus 
these et RUN, defined as relevant. With 
Where the P eens Me mind, co s der a situation 
T contai uli to be compared in same-different 
ain three dimensions, two relevant and one 
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irrelevant. Of specific interest here are two cases: 
one where stimuli differ along one relevant dimension 
and along the irrelevant dimension, SD (D), and the 
other where stimuli differ only along the one relevant 
dimension, SD(S). According to the category con- 
flict interpretation, different RT should be longer in 
the latter case because the total number of dimen- 
sions dictating the incorrect same response is 
greater, leading to greater conflict. The memory- 
scan interpretation predicts no difference between 
the conditions, because both exhibit state incom- 
patibility and contain stimuli of equal complexity- 
A reanalysis of the Hawkins and Shigley (1972) data 
revealed that median latency on SD (D) trials was 
502 msec. and on SD (S) trials was 497 msec. This 
difference, which in absolute value was opposite to 
that implied by the category conflict interpretation, 


did not approach significance, ¢ (5) = 37, P > 305: 
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Color naming was delayed when 
flash of a color name in black ink. 
about half that obtained with individ 
word test where the word and color 
25, 50, and 100 msec. between the wi 
of interference. 
ference with visual dimensions th 
manipulation of the interval betw 


In the Stroop color-word test (Stroop, 1935) the 
time to name colors is greatly delayed for a condition 
in which the color patches are shaped to spell words 
denoting colors incongruent to the patch color. A 
similar delay of color naming has been found when 
incongruent color names in white are printed on 
small colored rectangles with the color of the 
rectangles to be named (Kamlet & Egeth, 1969), 
The present study was designed to determine if 
interference to color naming could be generated 
when the color and Word are not integrally combined 
in either of these methods, but in. 


stead are presented 
sequentially, i.e, a black color name followed by 
a nonword color patch, If "Stroop interference” 


can be generated by such a Procedure, this would 
open the door for exploration of the effects of irrele- 
vant words on naming of other dimensions which 
unlike color, cannot readily be i 
words, It would also al 
of the neural activity 
lus. This could be dor 
between presentation 
observing the effect on 

Method. 
age 18-24 yr. 
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vision were normal, 

The stimuli consisted of five 
words red, blue, &reen, and yellow 
Vs alternately Tight si 
black—and fo 
each of the 
These 


duration 
a word stimu- 
ating the interval 
word and color and 
Stroop interferer 

eight males 
cred for the 
ction if nece 


' ranging in 
experiment, 
ary, and color 


e 
and upside down) in 


cards. The 
Presented in Field 4 and the 
sented in Field 2 of à Scientific P 
three-field tachistoscope, 
lus sequence by depre: 
were exposed for 50 m. 
25, 50, or 100 msec, 
mained visible for 2 sec. 


! The authors wish to thank Dennis 
the experimental data, 

? Requests for reprints sho 
Experimental Psychology. 
Research Laboratory, Fi 


AS Were pre 
H TFototype Model GB 
, The S initiated the stimu- 
SSINE a swite 


ed 


Division, (* 


tederick N, Dyer, 
S. Army i 
icky 4015]. 


Medical 


ERANCE 


Laboratory, Fort Knox, Kentucky 


a color patch was preceded by a 50-msec. 
- This delay was highly reliable, but only 

ual stimulus ver: 
are integrally combined. 


ord and color did not change the amount 
The paradigm makes it possible 
at cannot be 
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of neural activity associated with words. 
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to explore naming inter- 
combined with words and, by 
and color, to study the duration 
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Started. with exposure of the colored Ns xe key: 
Stopped by the naming response through a ir on. 
A small fixation cross in the blank field Meri us 
etween stimuli including a return to Hor P. 
?etween the word and color for the 25, 5€ ‘4 colore 
msec, intervals between the black words a T colored 
Xs, Background luminances of the word fL. s 
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and the four colored-X stimuli made a or control 
different Sequential stimulus pairs, with fot 
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Brem effect, F (3, 21) = 6.35, p « .001. Fast- 
m. o naming occurred for red with a mean nam- 
g time of 487 msec. Blue was named with an 
Average time of 513 msec., yellow with 522 msec., 
bah with 531 msec. The time for naming red 
mers picanty (Newman-Keuls, p < .05) from 
did Ree f. naming the other three colors, which 
highly et if er significantly among themselves. 
Mod BnF matn effect also appeared for the 
i fo: em : (4, 28) = 948, p < .001. Color nam- 
JEN E * arg with V as the stimulus was 
a 1 ? aster (Newman-Keuls, p < 01) than 
i ze a the other wor. The other words did 
ma Pru themselv «This illustrates faster 
E 23i p he control condition where color stimuli 
condi ceded by the nonmeaningful Vs than for the 
ton where colors were preceded by words. 
E wae edt is the Color X Word interaction 
ne dor paly ignificc nt, F (12, 84) = 5.69, 
Morera a eM ean naming time for the 12 different 
he Kapuo combinations was 533 msec., while for 
These esent combinations the mean was 478 msec. 
| Eu to the 488-msec. average naming time 
iNeongrucat = The average naming time for the 
Bruen: E , combinations differed from the con 
N d control conditions at a highly significant 
Newman-Keuls, b < .01), although the con- 
cantly oe control conditions did not differ signifi- 
amine RÀ themselves. This 45-msec. difference 
Con (sns ze between incongruent and control 
be a P m about half of the difference found 
Were Mr, ERE cs words and colors 
1972) ined (Dyer, 1971; Dyer & 
x Word i" significant interaction. was Repetition 
a decrease T LEA = 3.97, p < .025. This reflected 
Preceded i. a ris S name colors when they were 
S from the first repetition to the 


Sec 
. "cond (52 x 
eae 26 meec. to 511 msec.) and a concurrent 
Preceded b me to name colors when they were 
EAA prg Vs (484 msec. to 493 msec.) 
tolor-naming yee ea for this improvement in 
Dreg ormance when th " 
eded br weeds 1 he colors were 
Y words and the decline in performance on 


Kuehne, 
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colors preceded by control Vs would be that Vs 
become relatively more novel and distracting after 
many stimulus presentations, four out of five of 
which are words. However, the naming time for Vs 
was not raised to that obtained with incongruent 
combinations. 

o other main effects or interactions approached 
significance. This absence was surprising for the 
interval factor. In a previous study (Dyer, 1971) 
words were preexposed in black for various short 
intervals prior to coloration, and with as little as 
100 msec. of black-word preexposure, interference 
to color naming was greatly reduced. In the present 
study it was expected that the 100-msec. interval 
between black-word offset and color onset would 
also produce a decline in interference. The fact that 
interference was almost constant for different word- 
to-color intervals suggests that the present 50-msec. 
word flash produced a longer lasting word represen- 
tation than the continuous word presentations of the 
previous study. 

The present paradigm, with longer intervals be- 
tween words and colors, should permit study of the 
duration of central neural processes associated with 
word stimuli, including the effect on these processes 
of presenting various stimuli in the interval between 
the word and the color. In addition, modifications 
of this procedure, utilizing dimensions other than 
color, would allow comparisons of naming inter- 
ference for a wide variety of dimensions, including 
those that cannot be integrally combined with words. 
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; ] NU c een: 

Procedures modeled after those used in human Pavlovian CORBIDOTITRESRDO á 
€ zi HH p R The 1 

ments were employed in a probability learning paradigm. The conditioning 


phenomena of stimulus g al 
to occur in the probability learning 


human Pavlovian conditioning 
similar processes. 


The purpose of the Present research was to 
determine whether certain Pavlovian conditioning 
phenomena occur in a simple probability learning 
situation. There were two related reasons for 
making this determination. The first reason was 
to test the situational generality of conditioning 
phenomena. As summarized at a conference of 
human learning specialists, “one of the most im- 
portant classes of contributions needed ... [ste 
to test for some of the principal phenomena of con- 
ditioned-response learning ... in other categories of 
human learning (Melton, 1964, p]. 


"The second 
reason was to test the notion suggested by theorists 


of various persuasions (e.g., Estes, 1964; Humphreys, 
1939; Tolman, 1959; Woodworth, 1958) that Pay- 
lovian conditioning and probability learning may be 
mediated by fundamentally similar learning pro- 
cesses. If this notion is correct, then many of the 


same phenomena may be demonstrable with both 
paradigms. 


The first experiment tested whether 
tioning phenomenon of stimy 
curs in a probability leg 
cedures used to test for 
modeled after those en: 
to study generalizatior 


the condi- 
zation oc- 

The pro- 
ation were 


land (1937) 


ilus genera 
irning situation. 
stimulus gener: 
nployed by Hov! 


d e n of Pavlovian conditioned 
galvanic skin responses (GSRs), The second ex- 
periment tested whether the 


h h conditioning phenome- 
non of component Interaction occurs in a probability 


learning situation. The procedures used to test for 
component interaction were similar to those em- 
ployed by Grings and O'Donnell (1956) wii 
Pavlovian conditioned GSRs, d d 
Experiment I. The Ss were 24 
recruited from employment offic 
puses. They were individually 
mately 1 m. in front of two 15 X 15 em translue 
screens. The left screen was nonoperative dient 
the first experiment and Will. not be eere] te 
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ated approxi- 
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Health Service 
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ation and component interaction were show 


situation. These findings demonstrate the 
situational generality of conditioning phenomena 


and probability learning may be mediated by 


and support the notion that 


Below the 
which ton 


ands 
~orbrand 
Ger the 
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again until the second experiment. 
screens was a loudspeaker through : 
could be presented. Hunter Sunes Tolle 
programmer, and manual switches f oven 00 
following sequence and duration ol ed o» 
msec. of tone, a. 700-msec. ‘silent n goo-mse™ 
msec, of screen illumination, and a 9» 

intertrial interval. 


The Ss were instructed to predict, pe 
an indicator dial, the occurrence or non pearl 
of screen illumination immediately bur 
tone. The indicator dial cons sted of imi 
linear potentiometer mounted inside a contr 
casing. The potentiometer settings we asing: ' one 
by a knob mounted on the metal start! ht" 
middle setting of the dial was labeled o ele 
extreme end setting was labeled ‘ certe was Jab 
and the other extreme end setting. ructe^ Van 
"certain of no light." ‘The Ss were m inter n he 
the knob at start during cach intertrial" | tur heit 
then, immediately upon hearing a Aon aud ed 
knob to the position which best 46 co" 
prediction of screen illumination. ;periment Y 

Following the instructions, the Pequisitiom 2 
sisted of three Phases: adaptation, * a station 
test for stimulus generalization. AGAk | of 
sisted of the presentation of two e 
different tonc. The four tone 


s each. . chosen 5^ con 
200, 500, 1,000 and 2,000 Hz. were chose” ian 


anged „amat 
g adaptation were vir (D. CA rely 
method of incomplete counterbalan this 
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an apparatus check and that S hase d 
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orders of tone presentation during ing 
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: during the test for generalization. 


i 


- 


" AN 
T D Macnirupe Dara Onrar 


Me ee response magnitude is the typical dependent 
De ments a autonomic conditioning ex- 
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NH ps. s sponse measurement technique was de- 
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the eka of having the potentiometer of 
Model T poljin sanma pen deflections of a Grass 
Was from esce The range of pen detlections 
mm. Meca caf i (certain of no light) to + 23 
directional Ester BoE Thus, cach response had a 
nene For the Ber ang i magnitudinal compo- 
response was sated e p: próbabil measure, each 
nation" or n m a either a prediction of **illumi- 
directional Hi onillumination, based solely on the 
Measure: a Deere For the response magnitude 
respor z EoD enr of +23 was added to each 
0-46 an ae ne adjusted values, with a range 
x + were analyzed. 
Ad purposes of data anal 
St stimuli (Sj, 


189 the three auditory 
Rer REE Op and Ss) were arranged in order 
E enam to the original training stimulus 
XM mos se the response probability and 
locks of UR e data averaged across both 
fon enr pa tals. Significant stimulus generaliza- 
inane n ibited with. both response measures. 
(elis E IE probability data, a series of sign 
curred ee PR predictions of illumination oc- 
test stimuli E TREE to So than to any of the 
o S, than A that they occurred more frequently 
Renonse mad 2 =1, p=.011. As for the 
leitiotiatra ten a e data, a series of Wilcoxon tests 
significantly pes the mean response to So w 
stimuli and that ih Say Choza da cachi- ah Ame Hee 
d than that erg riti Aure radii 
ss Day 23) = 56.5 
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th frst experiment However, Gem S toca 
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Ne colors of red 
i ed, blue, green, : e 
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TABLE 2 


DURING 


Phonanndry AND MAGNITUDE Dara OBTAIN 
Test rog COMPO INTERACTION 
| —- 
| Stimulus 
Response — | _ 
measure | | 
| s S+S- s-s- 
—M " | 
Probability. | | 44 | p 
19.3 | 9.7 


lagnitude | 


sisted of three phas adaptation, acquisition, and 
test for component interaction. Adaptation con- 
sisted of the presentation of two blocks of the four 
The Ss were instructed that 
wint them with the lights 
llumination would be 

Acquisition consis ed 


colored lights each. 
this was merely to acqui 

and that no right-screen i 
presented during this phase. 
of 40 trials, 10 of each of the colored lights. Two 
of the colored lights (5 +) were always followed by 
right-screen. illumination, and the remaining two 
colored lights (8 —) were never followed by illumt- 
nation. The presentation order during acquisition 
was arranged randomly in blocks of four, and each 
color was assigned equally often to each reinforce- 
ment condition. The test for component interaction 
then immediately followed acquisition and consisted 
of the presentation of two blocks of the following 
five. stimuli: S +, S — S+5 + S +S-—, and 
S— S —. The presentation order during the com- 
ponent interaction test was determined by incom- 
plete counterbalancing, and no right-screen illumi- 
nation was presented during this phase. K 

Based on component interaction data obtained in 
previous Pavlovian conditioning experiments, it was 
predicted that the responses to the compound test 
stimuli would be ordered: S + S+>S+55 
>S—S—. The response probability and response 
magnitude data averaged across both blocks of test 
trials are shown in Table 2. Significant component 
interaction was exhibited with both response mea- 

no As for the response probability data, a series 
of sign tests demonstrated that illumination Was 
predicted more frequently to S+S+ than S t 
S —, x (19) = 5, p = .03, and more frequently to 
S--S— thanS—8—,x Q9) - 6 P .007. As 
for the response magnitude data, a series of Wilcoxon 
tests demonstrated that the mean response to 
S+S-+ was significantly larger than that to 
S-XLS-—, T (32) = 1385, 5 = 235, P < .01, and 
that the response to S+S— Was significantly 
larger than that to S — S =, £33) = 10:5; 52 
3.04, p < .01. 

Discussion and conclusion. The data reported 
here demonstrate that at least two Pavlovian con- 
ditioning phenomena, nulus gene lization and 
component interaction, occur in a probability learn- 
ing situation. These data indicate that conditioning 
phenomena have a gener lity of application beyond 
the confines of the traditional conditioning paradigm. 
For example, the data suggest that conditioning 
principles may be genera ed to situations which 
lack a clearly definable UCS and UCR. Also, the 
results are consistent with the theoretical viewpoint 
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